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The surgical treatment of hypertension, though still in the experi- 
mental stage, has been widely reviewed in innumerable reports. In 
contribution to the literature of an increasing experience with splanch- 
nicectomy, as advocated by Peet, we wish to present the results obtained 
in 40 patients. 

In most of the published series, candidates for operation were 
selected on more or less arbitrary grounds; for example, most surgeoris 
accept for operation only patients under 50 years of age who are without 
congestive heart failure, angina pectoris, «1vanced arteriosclerosis and 
glomerulonephritis; they further prefer patients whose blood pressure 
is labile either spontaneously or after the administration of sedatives 
and vasodilating drugs. However, since the nerve-cutting operations 
for arterial hypertension are so entirely empiric, we felt justified in 
ignoring the published contraindications. Hoping to learn more about 
the effects of operation, we have accepted patients without regard to 
age, with congestive heart failure, angina pectoris and outright coronary 
occlusion, hemiplegia or even glomerulonephritis. 

The operation in each case consisted of bilateral resection of the 
greater, the lesser and the least splanchnic nerve through a supra- 
diaphragmatic approach, together with the resection of, usually, three 
pairs of lower thoracic ganglions and the intervening chains. 


RESULTS 

The results of operation may be considered in five categories, as 
follows : 

Group 1.—Eight patients (20 per cent) died in from one day to two 
weeks. This unusually high operative mortality we attribute in part 
to the fact that at least 6 were patients with far advanced malignant 
hypertension, who were recognized preoperatively as excessively poor 
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risks. On the other hand, 1 of these patients was in comparatively 
excellent condition but died on the day of operation. This patient is 
of sufficient interest to warrant a brief review of the case: 


Case 1.—Mrs. G., aged 48 years, was known to have had hypertension for ten 
years. She complained ot nervousness, fulness in the ears and easy fatigability. The 








Duration 
of Hyper- Previous 
Age tension Symptoms Complications Retinitis Renal Lesions 


48 10 yr Fatigue, 0 oe 0 
nervousness, 
fulness in ears 


Poor vision, ot Protein +++ 
headaches, Casts +++ 
weakness Blood urea 51 


Headaches, . Protein ++ 
vomiting Casts + 
Blood urea 51 


1-10 yr Poor vision, - Protein +++ 
headaches, Casts + 
vomiting Blood urea 73 


Poor vision, + Protein +++ 
headacies, Casts + 
weakness, Blood urea 66 
dyspnea 


Bloody urine, - Gross hematuria 
poor vision 


Poor vision, Dissecting Protein ++ 
fatigue, aneurysm Casts + 
angina 16 months Blood urea 69 
pectoris preoperatively 


Vertigo, 
headaches, 
nervousness 


Thicken 
Radia 
Arteries 


0 





fundi oculorum revealed only slight tortuosity of the vessels. The radial arteries 
were soft. Roentgen examination showed the heart to be siightly enlarged, and 
there was a gallop rhythm. There were no peripheral signs of heart failure. The 
urine and the concentration of urea in the blood were normal. The patient walked 
into the hospital without difficulty the day before operation, with a blood pressure of 
215 systolic and 110 diastolic. When she was under anesthesia induced by means 
of avertin with amylene hydrate, the pressure was 160 systolic and 90 diastolic, 
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dropping to 80 systolic and 50 diastolic when the second set of splanchnic nerves 
were cut. At the end of the operation the pressure was 110 systolic and 65 
diastolic, and the patient was returned to her room in good condition. Within a 
few hours she suddenly became comatose ; there were disturbances in the respiratory 
rate, and the blood pressure rose to 205 systolic and 110 diastolic. The coma 
persisted without localizing signs, and death occurred the next morning, the pulse 





Who Died Within Two Weeks After Operation) 





Blood Pressure 
Ff im Eee | 
Lowest Near 
Before* After Beginning Preopera- 
Brain Operation Operation to Rise tive Level Course 


0 215/110 80/50 205/110 Died in one day 
1 day 1 day 





175 220 

95 120 

300/140 o. ‘ Died in one day 
300+ 


190 


210/140 165/105 Died second day: Cheyne-Stokes res 
2 days piration; necropsy: chronic vascular 
160 250 lesions and edema of midbrain 


90 «6170 


Gallop, 250/150 95/70 170/110 Died third day; coma; temperature 
abnormal l day 3 days 40 C. (104 F.) 
T waves 230 46290 


M0 190 


Enlarged Irrational 240/170 120/70 160/100 Died fourth day; irrational; high 
1 day 3 days fever; necropsy: no cerebral throm 
235 46260 bosis 


150 (180 


Gallop 240/150 70/40 200/ 90 : Died fifth day; bronchopneumonia; 
1 day 3 days necropsy: nothing due to operation 


Enlarged Hemiplegia 260/160 100/60 150/100 220/140 Died eleventh day; uremia and bron- 
1 day 2 days 3 days chopneumonia: necropsy: dissecting 
210 260 aneurysm; nothing due to operation 


140 160 
Parkinson's 240/125 100/80 Died fifteenth day; streptococca) 
disease lday infection; necropsy: nothing but 
arterio- 240 «300 infection due to operation 
sclerosis —_ — 

120 140 





*In this and in the following tables, the data for blood pressure before operation include average, lowest and 
highest observations. 





rate having been about 50, the respiratory rate 70 and the blood pressure 170 systolic 
and 90 diastolic. Permission for necropsy was not granted. 


Four other patients died in the first four postoperative days. Coma 
and high fever were prominent in their clinical pictures, and 1 had 
Cheyne-Stokes respiration. Necropsy showed vascular (chronic) lesions 
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and edema of the midbrain in 1 but nothing at all in another. The 3 
other patients died in five to fifteen days of bronchopneumonia. 

Outstanding clinical features among this group of 8 patients who 
died were the high incidences of severe hemorrhagic and exudative 
retinitis and of renal damage as evidenced by proteinuria, abnormal 
urinary sediments and increased concentration of urea in the blood. 
The average blood pressure of these patients was higher (245 systoln 
and 145 diastolic) than that of almost any other group. These patients 
could not be separated from those in other groups by any other clinical 
features, such as age, duration of the disease, thickened radial arteries, 
previous vascular complications or lability of blood pressure. 

Group 2.—Eleven patients (27 per cent) died within a year and a 
half after operation. Half of these were symptomatically relieved for 
two or three months with particular reference to headache; the others 
were not benefited. The operation played only a minor role in either 
hastening or retarding death, which was due to the usual cerebral, cardiac 
and renal causes. Necropsies of 5 patients failed to show anything 
striking other than the lesions commonly found in persons with malig- 
nant hypertension. 

As in group 1, the blood pressure average was extremely high (240 
systolic and 155 diastolic) and most of the patients had severe hyper- 
tensive retinitis. Renal lesions were less outstanding than among the 


previous group. Age, duration of the disease and evidences of arterio- 
sclerosis seemed to have nothing to do with the poor results obtained 


by surgical intervention. 
Typical of this group was the patient whose case is reported as 
follows: 


Case 2.—Mr. P., aged 36 years, was known to have had practically normal 
blood pressure a year before operation. Five months before operation he began 
to complain bitterly of severe headaches and the blood pressure was found to be 
220 systolic and 140 diastolic; he had great visual difficulties and had grown weak. 
The fundi showed marked arteriovenous nicking, narrow irregular arteriolar 
lumens and many areas of exudation and hemorrhage; the disks were not elevated. 
The radial arteries were soft. The heart was only slightly enlarged, and there 
was no gallop. The urine was entirely normal according to the Addis sediment 
count; the concentration of urea in the blood was 18 mg. per hundred cubic 
centimeters. In the two months of observation before operation the blood pressure 
averaged 210 systolic and 140 diastolic, varying between 170 systolic and 120 
diastolic and 250 systolic and 160 diastolic. After operation, the systolic and 
the diastolic pressures on the first day were 75 and 60 mm. of mercury, respectively, 
on the second 150 and 100 mm. and by the fourth had reached 220 and 130 mm., 
respectively. The blood pressure varied around 235 systolic and 145 diastolic for 
the next two months, after which the patient died of uremia and heart failure. 
The headaches had been relieved for two or three weeks, but there was severe 
pain at the site of operation. Necropsy showed the most severe vascular changes 
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to be in the kidneys (at death there was heavy proteinuria and the concentration 
of urea in the blood was 321 mg. per hundred cubic centimeters, while two months 
earlier the urine and the concentration of urea in the blood had been normal) 


The case history of another of these patients follows: 


Case 3.—A youth of 17 years had active glomerulonephritis, which began in 
1934. There were no clinical signs other than the abnormal urine until April 1937, 
when he became edematous. He was first seen by Dr. T. Addis in July 
1937. Examination at that time revealed normal fundi and a normal heart. There 
were soft radial arteries. The blood pressure was 140 systolic and 100 diastolic 
Massive pitting edema was observed. The plasma protein concentration was 
3.7 Gm. per hundred cubic centimeters, and the blood urea concentration was 60 
mg. per hundred cubic centimeters. The urine contained 16 Gm. of protein pet 
twenty-four hours, and a sediment typical of active glomerulonephritis together with 
fatty tubular degeneration was observed. There was no great change until November 
1937, when the patient suddenly lost much of his vision. Examination showed 
bilateral severe papilledema and many fresh retinal hemorrhages. There was a 
gallop rhythm, and the heart was enlarged. The blood pressure was 200 systolic 
and 150 diastolic. Edema was practically absent. The blood urea content was 
only 58 mg. per hundred cubic centimeters. The urinary findings had not changed. 

Because of the absence of renal insufficiency, and since the clinical picture was 
dominated by the vascular threats to the heart and especially to the eyes brought 
about by the sudden extreme rise of blood pressure, splanchnic section was con- 
sidered, and was performed on Nov. 26, 1937. The arterial pressure fell to 130 
systolic and 65 diastolic immediately and in the first week varied between 110 
systolic and 60 diastolic and 150 systolic and 100 diastolic. However, the tem- 
perature rose to 40 C. (104 F.) on the fourth day ; there was oliguria, and the degree 
of proteinuria decreased, the protein value failing from about 30 Gm. per twenty- 
four hours to 0.5 Gm. per twenty-four hours. On the seventh day the patient was 
anuric. The concentration of urea in the blood rose to 223 mg. per hundred 
cubic centimeters early in the second week, but the blood pressure remained low 
(110 systolic and 60 diastolic to 160 systolic and 80 diastolic) for three weeks. 
After a blood transfusion the temperature fell abruptly and diuresis returned, with 
but 4 Gm. of protein in the urine daily. By the fourth week the arterial pressure 
was 160 systolic and 100 diastolic and by the sixth 220 systolic and 140 diastolic. 
Vision was improved slightly for a few weeks at this time but relapsed later. 

Two months after operation the patient awakened one morning with aphasia. 
From then until his death two months later, there were miscelianeous neurologic 
abnormalities, fever, empyema, a rising concentration of urea in the blood and an 
arterial pressure averaging 210 systolic and 150 diastolic. 


Group 3.—Nine patients (22.5 per cent) seemed unchanged by the 
operation ; their symptoms were not significantly alleviated, and their 
blood pressures were not lowered. In this group, too, the symptoms 
of 4 patients were slightly improved for a month or two, but even then 
new complaints were substituted for the old. In 1 patient retinal 
hemorrhages were still present four months after operation, but after 
nine months they had disappeared although her complaints of poor vision 
continued ; since the operation followed closely a severe clinical exacer- 
bation during which the hemorrhages occurred, and since the arterial 
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TABLE 2.—Clinical Data Concerning Patients in Group 2 (Thos 





Symptoms 


Headaches, 
poor vision, 
weakness 


Poor vision, 
headaches 


Poor vision 


Headaches 


Headaches 


Poor vision, 
hematuria 


Poor vision, 
occasional 
headaches 


Fatigue 


Headaches 


Palpitation, 


weakness 


Poor vision 





Previous 
Complications 


Glomerulo- 
nephritis for 
27 years 


Glomerulo- 
nephritis 
with edema 





Retinitis 
++ 


Thickened 
Radia! 
Renal Lesions Arteries 
Urine normal 0 
Blood urea 18 


Protein + 
Blood urea 51 


Urine normal 
Blood urea 37 


Protein + 
Blood urea 33 


Urine normal 
Blood urea 45 


Protein ++ 

Casts ++ 

Red blood cells ++ 
Blood urea 80 


Protein ++ 
Blood urea 48 


Urine normal 
Blood urea 36 


Urine normal 
Blood urea 36 


Protein ++ 

Casts + 

Red blood cells ++ 
Blood urea 57 


Protein +++++ 
Casts ++++ 

Red blood cells + + + 
Blood urea 58 








Died Within One and a Half Years After Operation) 








Blood Pressure 


Lowest pe Near 
Before After Beginning Preopera- 
Operation Operation to Rise tive Level Course 


210/140 75/60 150/100 220/130 240/140, 1 mo.; 230/150, 2 mo.; died 
l day 2 days 4 days after 2 mo.; headaches relieved for a 
170 280 while; rapid progression of renal 
_ lesion (proteinuria and other find- 
120 160 ings); urea rising to 321 mg. per 
106 ce.; heart failure; necropsy; 
marked renal vascular lesion 





235/145 210/140 230/160 Died after 3 mo., with heart failure, 
3 days 3 months uremia and a stroke; headaches 
220 250 better for a month 


140) «(150 


260/180 115/100 150/115 250/155 285/140, 4 mo.; died after 4 mo.; 

l day 2 days 1 month doubtful temporary improvement of 
250 270 vision; suddenly became irrational; 
—_ —_— coma; 300/210; necropsy: arterio- 
165 200 sclerosis of the brain 


“nlarged 245/150 230/140 Died after 7 mo.; headaches better 
2 weeks for 4 mo., but severe back pain at 
160 300 operative site 


110 150 


200/150 260/170 Died suddenly after 7 mo., 250/150; 
7 weeks headaches relieved 
225 240 


140 «160 


Slightly 250/180 220/160 Died of uremia without relief after 

1 month 7 mo., 240/160; anemic from hema- 

235 260 turia, epistaxis, melena; necropsy: 
—- not remarkable except ileitis 


enlarged 
175 185 


130/80 200/150 260-170 Died without relief after 9 mo.; 
4 days 10 days 2 months necropsy: fresh dissecting aneurysm 
of aorta 


Gallop, not 
enlarged 


245/145 185/115 Died of apoplexy without relief after 
1 week 17 mo.; severe back pain at opera- 
230 260 tive site 


135 155 


Gallop 235/155 185/140 205/125 Died after 19 mo. of uremia compil- 
1 week 1 month cating a therapeutic abortion; 
230 245 patient married although she quit 
—_ — work because of continuous 
150 100 headaches 


Gallop, Transient 225/155 200/140 170/120, 1 mo.; 180/140, 3 mo.; 200/140, 
enlarged left hemi- 4 days 4 mo.; 220/160, 7 mo.; died after 
plegia 185 240 9 mo. of uremia and heart failure 


120 =6160 


Gallop, 200/150 160/100 220/140 Died after 4 mo.; stormy postopera- 
enlarged 3 weeks 1% months tive course; fever, anuria, anemia, 
200 «= 205 convulsions, paralyses, aphasia, 
- _ kidneys no better, vision slightly 
140 «160 improved temporarily; necropsy 
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pressure did not remain appreciably lowered, the operative procedure 
hardly deserves credit for such a delayed healing. 

In this group, renal and ocular lesions were less prominent than 
in those already discussed, although it must be apparent that no sharp 


Tasie 3.—Clinical Data Concerning Patients » 








Duration Thickene: 
of Hyper Previous Radia! 
Name Age tension Symptoms Complications Retinitis Renal Lesions Arteries 
Mrs. C 2 mo. at Poor vision, Convulsion - Protein + ( 
least headaches, at onset Casts ++ 
dizziness Blood urea 56 
Mrs. MeN 49 yr Headaches, 0 ~ Protein + 
dyspnea, Casts + 
angina pectoris Blood urea 27 
Mrs. G 45 4yr Headaches, Hysteria, 0 Urine norma! ( 
“bursting” paroxysmal Blood urea 20 
sensation tachycardia 
Mr. 1 29 yr Heart failure 0 Protein ++ --+ 
Casts ++ 
Blood urea 4 
Mr. k 40 6 yr Headaches, Anemia 0 Protein ++ - 
nervousness, Casts + 
fits of anger Blood urea 40 
Mrs. N 40 17 yr Fatigue. ( + Urine normal 0, 
dizziness Blood urea 18 
Dr. McK 16 yr None Hemiplegia 0 Urine norma! + 
9 months Blood urea 21 
Mrs. 8 35 7 yr Poor vision, ( Protein + 0 
headaches, Blood urea 54 
epistaxis 
Mr. J 40 3yr Headaches 0 0 Norma! 0 





lines can be drawn. The average blood pressure was lower (200 systolic 

and 130 diastolic). There were no outstanding clinical features. 
Group 4.—Six patients (15 per cent) enjoyed appreciable allevia- 

tion of symptoms six to forty-eight months after operation, although 


their pressure levels were unaltered. In 1 of these patients, headaches 
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disappeared and a previous hemorrhage into the vitreous humor clarified 
enough to permit improved vision eight months after operation, although 
at the fifth postoperative month the patient had not been improved. 
In the case of the second patient, angina pectoris and dyspnea on effort 


» 3 (Those Unchanged After Operation) 


Heart Brain 


Not enlarged, (Previous 


abnormal convulsion) 
T waves 0 
Not enlarged, 0 
elt axis 
deviation 
0 
Moderate 0 
neart failure 
0 
Gallop, 0 
abnormal 
T waves 
0 Residuals 
of right 
hemiplegia 
Gallop, 0 
eft axis 
deviation 
( 0 








Before 
Operation 


195/125 
180 215 
115 140 
160/90 
140 «(220 
0 «110 
215/125 
170 = 220 
100 1: 


0 


100 
220/160 
210 230 
200/140 
160 230 
100 140 
210/130 
200 220 
120 140 
225/130 
210 

15 

250/150 
210 275 
130 160 
170/100 
165 220 
9% 110 


Blood Pressure 
—~A~ 


Lowest 
After 
Operation 
90/00 
1 day 


90/60 
i day 


95/70 
1 day 


110/75 
1 day 


85/60 
1 day 


120/95 
1 day 


100/70 
1 day 


115/80 
l day 


100/60 
1 day 


Beginning 
to Rise 


150/100 
2 days 


130/80 
2 weeks 


120/80 
2 weeks 


195/150 
3 days 


180/120 
2 days 


180/115 
1 week 


160/100 
1 week 


150/100 
2 days 


170/110 
5 days 


Near 
Preopera 
tive Level 


180/140 
1 week 


180/110 
2 months 


220/120 
15 months 


200 / Lov 
l month 





200/140 
2 weeks 


190/120 
2 weeks 


200/145 
4 days 


170/90 
2 weeks 





Course 


150/95, 1 mo.; 190/115, 2 mo.; 190/130, 
3 mo.; fundi and vision not im 
proved, headaches same, 185/120, 

4 mo.; 190/130, 10 mo.; vision same, 
fundi improved; kidneys unchanged 


210/130 after 6 mo.; headaches better 
but legs tire and in general no better 


“Bursting” sensation better for 
about 6 mo., but patient confined 
to bed 


215/125, 2 mo., feels better; 220/150 
and heart failure at 1 yr.; kidneys 
unchanged 


235/140 at 2 mo.; headaches same 


230/130 at 20 mo.; heart failure; 
indigestion with 1.entgen evidence 
of disturbed gastrie motility soon 
after operation 


140/100, 1 mo.; 200/120, 2 mo.: con- 
vulsions 8 mo. postoperatively; 
second cerebral vascular accident 
382 mo., blood pressure 190/90 


270/150 after 1 mo.; vision and head 
aches only slightly improved 


170/90, 1 mo., headaches same: 
170/95, 2 mo., headaches same: 
180/105, 3 mo., headaches same 


disappeared, vision improved and she felt herself to be in splendid 


condition, but edema appeared and digitalis was prescribed. 


A third 


patient was relieved of the sensation of pounding in the vessels. <A 
fourth, hysterical before operation, was calmer and had fewer headaches ; 
she was less easily fatigued. The fifth was somewhat relieved of pound- 
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ing vessels, fulness in the head and great lassitude; while they were 
partially relieved, the degree of these symptoms clearly fluctuated with 
the patient’s economic and psychic state. 

As a group, these patients had no outstanding clinical features ; 
they in general resembled the patients of group 3, described in the 
preceding section. 


TasBLe 4.—Clinical Data Concerning Patients in Group 4 (Those Whose Blood P 











Duration Thickened 
of Hyper- Previous Radial 
Name Age tension Symptoms Complications Retinitis Rena! Lesions Arteries 
Mr. B. (case 4 38 10 yr. Pounding ves- Hemiplegia 6 mo. 0 Protein ++ 0 
of tex!) sels, fulness preoperatively, Casts + 
in head glomerulo- Red blood cells ++ 
nephritis ? Blood urea 60 
Mrs. W. 44 5 yr. Headache, Hysteria 0 Urine normal 0 
fatigue Blood urea 25 
Miss N. 33 7 yr. Fatigue, Deafness 0 Urine normal 0 
pounding, ful- Blood urea 23 
ness in head 
Mr.S 45 2 yr. Poor vision, Obesity ++++ Protein + 0 
headaches, Vitreous Casts + 
vomiting hemor- Blood urea 53 
rhage 
Mrs. C. 52 4 yr. Angina 0 + Protein + ~ 
pectoris Blood urea 24 
Mr. M. 28 lyr Headaches 0 - Protein + 0 
Blood urea 48 











The case of 1 of these patients is summarized as follows: 


Case 4—Mr. B., aged 38 years, was known to have had albuminuria and 
hypertension for ten years. During that time he complained of inability to work 
because of fulness in the head and consciousness of markedly pulsating arteries. 
Six months before operation there was an attack of right hemiplegia, which cleared 
except for slight weakness. On examination the patient appeared well. The 
fundi and the heart were normal. The radial arteries were soft. There were 
no abnormal neurologic signs. The urine contained a moderate amount of protein 
and increased numbers of red blood cells, casts and renal epithelial and white 
blood cells. The concentration of urea in the blood was 60 mg. per hundred 


cubic centimeters. 
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Although the patient had had hemiplegia and probably had glomerulonephritis, 
the arterial pressure was variable. It averaged 180 systolic and 125 diastolic and 
was as high as 205 systolic and 140 diastolic, but on the day before section of the 
splanchnic nerves (April 26, 1935) it was actually normal (135 systolic and 85 
diastolic). On the first and the second postoperative day the pressure was 
95 systolic and 70 diastolic and 140 systolic and 100 diastolic, respectively; after 
four months it had reached the preoperative level, 200 systolic and 125 diastolic. 


6 ! 


Pressure Was Unchanged But Whose Symptoms Were Alleviated After Operation) 











Blood Pressure 
4 a Lowest Near 
* Before After Beginning Preopera- 
: Heart Brain Operation Operation toRise tive Level Course 
0 Previous 180/125 95/70 140/100 200/125 175/135 after 17 mo., feels fine, no 
hemiplegia lday 2 days 4 months pounding; 190/120 after 21 mo.; 
205 200/145 after 30 mo., gout, kidneys 
—_ — unchanged; 170/120 after 45 mo. 
8 140 
{ 0 200/135 120/80 145/95 220/110 235/130 after 9-13 mo.; 220/120 after 
1 week 2 weeks 6 months 17-23 mo.; 240/130 after 29 mo.; much 
135 250 better as to headache, but still 
har “a tires easily 
95 160 
0 0 190/135 125/90 170/125 200/140 210/150 after 34 mo.; 190/130 after 
1 week 2months 12 months 38 mo.; 200/150 after 47 mo.; able to 
170 9225 work but tires easily; symptoms 
—_ — vary great deal; severe pain in back 
110 1580 at operative site 
0 0 190/130 90/60 160/100 190/120 180/125 after 5 mo., vision no better, 
lday 2 days 1 week headaches; 180/120 after 8 mo., vision 
175 210 and headaches better 
115 140 
Angina pec- 0 225/140 100/50 175/125 200/125 205/135 after 1-3 mo., no pain or 
toris, auricular 1 day 4 days 1 week dyspnea; 220/120 after 5 mo., vision 
fibrillation, 200 250 improved; 240/140 after 6 mo., no 
heart failure _ complaint, but edema present; 
(mild) 110 «160 235/135 after 8 mo., digitalis 
Slightly en- 0 205/145 90/60 180/120 210/150 180/130 after 2 wk.; 220/155 after 
larged, left lday 3 days 1 week 20 mo., headaches relieved, no new 
axis deviation, 200 210 retinitis 
abnormal <n 
T waves 140 «(150 





Two and a half and 





four years after operation the arterial pressure was 200 
systolic and 145 diastolic and 170 systolic and 120 diastolic, respectively. 


Thus, 





in spite of the extremely labile pressure, operation failed to induce a reduction. 
However, the symptoms of arterial pounding vanished with operation and have 
not returned. The patient has been able to resume his work as a rancher. The 
renal lesion has not altered in intensity or extent. 


Group 5.—It was in a group of 6 patients (15 per cent) that the 
best results followed operation, their average arterial pressure falling 
from 200 systolic and 120 diastolic to 155 systolic and 100 diastolic. 
They ranged in age from 30 to 54 years (average 39 years) and were 
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known to have been hypertensive for from two to ten years. None 
of these patients had any urinary abnormalities or elevated blood urea 
concentration, and all but 1 had perfectly normal fundi. All had 
thickened radial arteries. One had survived an attack of coronary 
occlusion, and 2 presented themselves with congestive heart failure. 
Since opinions of the value of section of the splanchnic nerves depend 
largely on the critical study of these patients, their histories are presented : 


Case 5.—Mr. Y., aged 30 years, had had known hypertension for eighteen 
months when he was rejected after an examination for life insurance. Six months 














| PRE-OPERATIVE g POST-OPERATIVE 
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Chart 1.—Arterial pressure record of Mr. Y. (case 5). 


before operation he began to complain of moderately severe headaches, often 
associated with short attacks of palpitation and tachycardia which started and 
stopped abruptly. On examination he appeared to be well. The fundi were 
normal. The heart was normal. The radial arteries seemed slightly thickened. 
On the first day of observation the arterial pressure was 180 systolic and 120 
diastolic, falling to 160 systolic and 110 diastolic on the same day; thereafter it 
averaged 155 systolic and 110 diastolic and was on occasion as low as 150 systolic 
and 100 diastolic. The urine was entirely normal according to the Addis sedi- 
ment count. The concentration of urea in the blood was 33 mg. per hundred 
cubic centimeters. An electrocardiogram showed only left axis deviation. Section 
of the splanchnic nerves was performed on May 30, 1936. Figure 1 gives the 
record of the arterial pressure. The headaches and palpitation have been absent 
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since operation. The pressure remained lower for three years after operation, 
although it was near the preoperative level on several occasions ; after forty months 
the blood pressure was 165 systolic and 105 diastolic. 

Case 6.—Mrs. P., aged 31 years, had a ruptured tubal pregnancy two years 
before section of the splanchnic nerves. Shortly thereafter she suffered severe 
headaches, for which a physician was consulted; hypertension was found. Because 
the headaches persisted in spite of medical treatment and because the patient was 
growing short of breath on effort, she was considered a subject for operation. 
She appeared perfectly well. The fundi showed practically no vascular changes 
and no exudate or hemorrhage. The radial arteries were firm and the heart was 
slightly enlarged. The urine sediment count was completely normal, and the 
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Chart 2.—Arterial pressure record of Mrs. P. (case 6). 


concentration of urea in the blood was only 27 mg. per hundred cubic centimeters 
An electrocardiogram gave normal readings. The operation was performed on 
June 22, 1935. Figure 2 gives the record of the arterial pressure. The pressure 
level fell from a preoperative average of 215 systolic and 120 diastolic to 155 
systolic and 100 diastolic for the first year, but between the third and the fourth 
year it had risen to 180 systolic and 120 diastolic. The diastolic pressure, there- 
fore, was not significantly reduced. However, the headaches and exertional dyspnea 
disappeared immediately after the operation and have not returned four years 
afterward. 

Case 7.—Mr. McK., aged 45 years, was found to be hypertensive nine years 
before the splanchnic nerve section, performed on May 11, 1937. The hyper- 
tension was discovered in the course of an examination for bronchial asthma. Five 
years before the operation he suffered his first and only symptom of hypertension, 
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namely, blurred vision because of a hemorrhage in the left retina. When he was 
first examined here by Dr. T. Addis in 1933 he was an obese, highly strung man 
with mild bronchial asthma. The left fundus oculi showed scarring from the 
hemorrhage eight months earlier, while the right showed arteriosclerosis without 
hemorrhage or exudate; visual acuity was good. Roentgen examination showed 
that the heart was not enlarged. The radial arteries were firm. An electro- 
cardiogram showed T to be inverted in the first and the second lead. The urine 
sediment count was entirely normal and the concentration of urea in the blood was 
32 mg. per hundred cubic centimeters. 

With medical management the arterial pressure soon fell from 180 systolic 
and 110 diastolic to normal levels, but shortly increased again. In the four years 
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Chart 3.—Arterial pressure record of Mr. McK. (case 7). 


of preoperative observation the average yearly systolic and diastolic blood pressure 
increased from 145 and 95 mm. of mercury, respectively, to 170 and 115 mm., 
205 and 140 mm. and 220 and 145 mm., respectively. The general physical con- 
dition remained unchanged until seven months before operation, when there 
appeared fresh hemorrhages in the right retina. Two months before operation 
another hemorrhage occurred, this time in the left retina. The roentgen examina- 
tion showed an increase in fulness of the aorta, while in the electrocardiogram T 
had become upright in the second lead. The urine and the concentration of urea 
in the blood remained normal. Section of the splanchnic nerves was done, because 
of the threat to the vision, on May 11, 1937. Figure 3 gives the pressure record. 

A month after operation there were still fresh hemorrhages to be seen in the 
left fundus. The vision has improved about as it did spontaneously after the first 
retinal hemorrhage. The patient having reported “I never felt better in my life” 
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just before the operation, his general condition remained unchanged (except for 
temporary weakness and backache after operation). The arterial pressure response 
showed a great fall in systolic level, a smaller change in diastolic level and for a 
time a small pulse pressure although he was clinically well. One should note 
the levels of 200 systolic and 130 diastolic and of 200 systolic and 120 diastolic 
on the second and the sixth postoperative day, when there was transient fever. 
Twenty-eight months postoperatively the blood pressure was 180 systolic and 
130 diastolic and the patient felt completely weil. There were no retinal hemor- 
rhages, and only 1 retinal artery appeared at all abnormal. 

Case 8.—Mrs. M., a nurse aged 37 years, had been kept in bed for six weeks 
because of “heart trouble” (cyanosis) following a pregnancy fifteen years before 
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Chart 4.—Arterial pressure record of Mrs. M. (case 8). 


section of the splanchnic nerves. She was then well for eight years, when dyspnea 
and palpitation on effort appeared. Five years before operation she noted edema 
of the ankles, the dyspnea became worse and once there was an episode resembling 
acute pulmonary edema. Rest and the administration of digitalis, a theobromine- 
phenobarbital preparation, and barbital gave some relief. Two years before 
operation the systolic pressure was reported to have been 170 to 220 mg. of 
mercury, and in addition the patient complained of dizziness, headaches, weakness, 
nervousness and visual disturbances. Later she had an almost constant dull pre- 
cordial pain radiating down the left arm, made worse by effort. She was seen 
by us for the first time only four days before section of the splanchnic nerves, 
performed on April 14, 1938. On examination she appeared perfectly well, in 
striking contrast to her previous condition. The fundi showed narrow arterioles 
but no exudate or hemorrhage. The neck veins were not distended, and the lungs 
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were clear. In the roentgenogram the shadow of the root of the aorta was widened 
but the heart was not enlarged. The heart sounds were normal. The radial 
arteries were somewhat thickened. The liver was not palpable, and there was no 
edema. There was a fibromyomatous uterus. The urinary sediment count was 
normal, and the blood urea concentration was 25 mg. per hundred cubic centi- 
meters. An electrocardiogram showed prolonged conduction time (digitalis) and 
left axis deviation. 

The arterial pressure, 220 systolic and 120 diastolic on admission, fell to 170 
systolic and 105 diastolic in only four days, when section of the splanchnic nerves 
was done. Figure 4 shows the pressure records. 

Three months after operation the headaches were fewer but all other symptoms 
persisted (perhaps slightly better, although edema occasionally extended halfway 
to the knees). By the ninth postoperative month the patient felt much improved 
but had paresthesias of the legs and precordium. An episode of excessive exertion 
three months earlier had precipitated severe dyspnea for two days, but other than 
that there had been no breathlessness. 

Eleven months after the section of the splanchnic nerves a hysterectomy was 
done. When the patient was in the operating room under the influence of sedative 
drugs awaiting this operation, the pressure was 160 systolic and 100 diastolic, 
just as it had been in similar circumstances almost a year earlier. On the tenth 
day after hysterectomy the pressure was only 120 systolic and 80 diastolic (170 
systolic and 110 diastolic on the tenth day after splanchnic nerve section), and 
the patient was dismissed from the hospital. The pressure returned to 160 systolic 
and 100 diastolic when she was at home, where walking up a flight of stairs 
induced dyspnea. Twinges of substernal pain occurred. 

Three months after hysterectomy there was an attack of rather severe sub- 
sternal pain, with great breathlessness and frothy, pink sputum; the patient’s 
physician heard many rales and found the arterial pressure to be 160 systolic and 
100 diastolic. She was sent to bed, irrational because of sedatives, with a pressure 
of 110 systolic and 80 diastolic to 150 systolic and 105 diastolic. An electro- 
cardiogram showed no changes which might be interpreted as those of myocardial 
infarction. The urine and the concentration of urea in the blood remained normal 
and the fundi unchanged. Roentgen examination showed that the heart had not 
enlarged. When last seen, eight months after hysterectomy, the patient felt well 
and had been hunting deer ; the blood pressure was 140 systolic and 85 diastolic. 

Case 9.—Mr. L., a man aged 54 years, was known to have had hypertension 
for seven years prior to the section of the splanchnic nerves. He had come under 
observation because of angina pectoris and frequent exacerbations of a chronic 
infection of the urinary tract. When first seen by Dr. A. L. Bloomfield, in 1934, 
he was ill with hyperthyroidism; subtotal thyroidectomy was done elsewhere in 
March 1934. In June 1934 he suffered in rapid succession a classic attack of 
myocardial infarction, a flare-up of the infection of the urinary tract and a recur- 
rence of hyperthyroidism. After heavy doses of roentgen rays had failed to induce 
a remission in the hyperthyroidism, he was given iodine and a second thyroidectomy 
was done in September 1934, after which there had been no recurrence By 
December 1934 the heart was enlarged and pulsus alternans and a gallop rhythm 
were present. Glyceryl trinitrate was fairly effective in controlling the angina, 
and digitalis was given. At this time the patient retired from his exacting duties 
as newspaper editor. 

During 1935 he suffered attacks of flushing and pain in the chest severe enough to 
cause him to weep; in these episodes the pulse became rapid and the arterial 
pressure rose from about 180 systolic and 130 diastolic to as high as 245 systolic 
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and 185 diastolic. These attacks, induced by emotion and arising spontaneously, 
resembled the syndrome described by Page! as diencephalic in origin. By March 
of 1936 the patient was completely incapacitated, taking as many as twenty tablets 
of glyceryl trinitrate during a day at rest in bed; he had a large heart, pulsus 
alternans, a gallop rhythm, a palpable liver and a trace of edema. The fundi 
revealed no exudate or hemorrhage. The radial arteries were slightly thickened 
Except for a few white blood cells the urine was normal, and the blood urea 
concentration was 34 mg. per hundred cubic centimeters. Section of the 
splanchnic nerves was performed on April 13, 1936. Figure 5 gives the blood 
pressure readings. 
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Chart 5.—Arterial pressure record of Mr. L. (case 9). 


It is of some interest that the fall in arterial pressure after the section of the 
splanchnic nerves was comparable in degree to that after the earlier myocardial 
infarction but was more prolonged. There have been no more “diencephalic” 
attacks, but the angina pectoris and congestive heart failure persist in moderate 
degree. The heart is larger now than ever. 


Case 10.—G., an unmarried woman aged 38 years, had been hypertensive for 
ten years; the discovery was made by a physician whom she consulted for 
fatigability. Eight years before section of the splanchnic nerves the arterial 
pressure was reported to have been 250 systolic and 125 diastolic, but there were 
no complaints other than great lassitude until February 1935, when she collapsed 
while climbing stairs. Dr. Malcolm Jones attended her at that time; he foun 


1. Page, I. H.: A Syndrome Simulating Diencephalic Stimulation Occurring 
in Patients with Essential Hypertension, Am. J. M. Sc. 190:9-14 (July) 1935. 
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hypertensive cardiac disease with failure (dyspnea and edema) and a blood 
pressure of 250 systolic and 135 diastolic. During rest in bed for seven months, 
she improved and the pressure fell to 200 systolic and 100 diastolic. It promptly 
returned to 250 systolic and 120 diastolic on resumption of activity, and two 
months later she again became dyspneic. Just before the section of the splanchnic 
nerves on Nov. 28, 1935, examination showed the patient to be thin, weak and 
dyspneic on the slightest effort. The fundi were normal. The heart was greatly 
enlarged. The liver was palpable, and there was edema of the ankles. The radial 
arteries were slightly thickened. The urine was entirely normal, and the blood 
contained 33 mg. of urea per hundred cubic centimeters. The arterial pressure 
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Chart 6—Arterial pressure record of Miss G. (case 10). 


was 240 systolic and 120 diastolic, dropping to 195 systolic and 110 diastolic after 
three days of rest in bed. Figure 6 gives the blood pressure records. 

On the day following operation the pressure was 130 systolic and 80 diastolic 
but rose to 180 systolic and 110 diastolic after one week. After another week it 
was 190 systolic and 110 diastolic and as late as six months after operation it was 
once 195 systolic and 100 diastolic. However, a year after operatiou it was as 
low as 130 systolic and 75 diastolic and since then has averaged 150 systolic 
and 90 diastolic. The last examination, three and a half years after operation, 
showed the pressure to be only 145 systolic and 85 diastolic. 

The symptoms and signs of heart failure rapidly disappeared. As early as 
three months postoperatively the heart was reported as normal in size. A year 
after operation the patient married. She now complains of fatigue and dyspnea 
only if she works hard but feels better while taking 0.1 Gm. of digitalis daily. 
There is no edema. 
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The results in this case are among the best achieved in the present 
series. It is odd, however, that while the symptomatic improvement 
appeared at once, the main decline in arterial pressure did not occur 
until six months after operation. 


COMMENT 


Before discussing the results of operation it might be profitable briefly 
to review the pathologic physiology of arterial hypertension, with special 
reference to denervation of the splanchnic vessels. 

The arterial pressure varies directly with either of two factors, cardiac 
output and peripheral resistance. Under various physiologic conditions 
during health, these two factors usually vary inversely, minimizing fluc- 
tuations in pressure. It is now accepted, however, that in patients with 
arterial hypertension resistance to blood flow is increased in the presence 
of a normal cardiac output. Furthermore, it is known that the site of 
such an increased resistance is not in the large vessels but in vessels 
of the order of size of arterioles; that the increased resistance is not 
confined to the splanchnic region but is widespread,’ and that under 
certain conditions even chronically increased resistance may fall abruptly.* 
When hypertension is of short duration, as in persons with acute 
nephritis, there is evidence that the arteriolar lumens may relax fully 
to normal size under the appropriate stimuli,® but when hypertension is 
chronic such relaxation is not complete in short experiments ;* how- 
ever, even after arterial hypertension has persisted for long periods in 
dogs with one renal artery partially constricted, removal of the kidney 
abolishes the hypertension and hence must permit the arterioles to 
regain normal size. The clinically important analogue of this, namely 
the condition of patients with unilateral pyelonephritis or renal anomalies, 
has already been described.*® 

The proponents of denervating operations hope to help their patients 
by bringing about a local region of normal resistance in the splanchnic 


2. Oppenheimer, E. T., and Prinzmetal, M.: Role of the Arteries in the 
Peripheral Resistance of Hypertension and Related States, Arch. Int. Med. 60: 
772-782 (Nov.) 1937. 

3. Pickering, G. W.: Peripheral Resistance in Persistent Arterial Hyper- 
tension, Clin. Sc. 2:209-235 (May) 1936. 

4. Prinzmetal, M., and Wilson, C.: The Nature of the Peripheral Resistance 
in Arterial Hypertension, with Special Reference to the Vasomotor System, J. Clin. 
Investigation 15:63-83 (Jan.) 1936. 

5. Pickering, G. W.: Observations on the Mechanism of Arterial Hyper- 
tension in Acute Nephritis, Clin. Sc. 2:363-372 (Dec.) 1936. 

6. (a) Leadbetter, W. F., and Burkland, C. E.: Hypertension in Unilateral 
Renal Disease, J. Urol. 39:611-626 (May) 1938. (b) Weiss, S., and Parker, 
F., Jr.: Pyelonephritis: Its Relation to Vascular Lesions and to Arterial Hyper- 
tension, Medicine 18:221-316 (Sept.) 1939. 
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bed, ignoring the fact that only widespread changes of resistance alter 
blood pressure appreciably, while local changes of resistance, as in cases 
of arteriovenous fistula or severe peripheral arteriosclerosis, predomi- 
nantly, affect blood flow. Moreover, they have neglected those inves- 
tigations which point out that denervated vessels shortly regain their 
original tone ever. when regeneration of nerves does not occur, appar- 
ently sensitized to a substance circulating in the blood.’ 

In addition it has been asserted that section of splanchnic nerves 
(largely by denervating the adrenal glands) prevents sharp rises of 
pressure under emotion and exertion. Even our patients in whose cases 
the best results appeared, however, exhibited marked fluctuation of 
pressure both soon and late after operation; we were not able to demon- 
strate a decreased response to the Hines-Brown cold test * after opera- 
tion. In the case of 1 patient “diencephalic” attacks have not been 
observed since operation. Although his angina pectoris persists, the 
blood pressure has not been recorded during the pain. 

Finally, on the assumption that the pathogenesis of essential hyper- 
tension is similar to that of the arterial hypertension in animals with 
partially occluded renal arteries, it has been hoped that section of the 
splanchnic nerves would permit an increased renal blood flow by means 
of denervation of the kidneys, thereby stopping the formation of the 
substance ® which causes hypertension in the Goldblatt dog. 

It has been claimed that the ischemic kidney of the Goldblatt dog 
has its clinical counterpart in human kidneys (1) with ischemia con- 
tracted secondarily to chronic renal disease, especially when the ischemia 
is unilateral,’° (2) with partially occluded renal arteries’ and (3) 
associated with coarctation of the aorta.’* That evidence which favors 
the identity of essential hypertension and the hypertension of the Gold- 
blatt animal is less direct and more confused. In each condition, the 
renal tissue may appear normal under the microscope, the urine is normal 
and the usual clinical tests of renal function may give normal results. 
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398 (Oct.) 1937. 
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Investigation 16:889-897 (Nov.) 1937. 

11. Blackman, S. S., Jr.:  Arteriosclerosis and Partial Obstruction of the 
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Johns Hopkins Hosp. 65:353-375 (Nov.) 1939. 

12. Rytand, D. A.: The Renal Factor in Arterial Hypertension with Coarcta- 
tion of the Aorta, J. Clin. Investigation 17:391-399 (July) 1938. 
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The data ** which seem to indicate that renal blood flow is reduced in 
persons with essential hypertension may, in view of more recent studies,"* 
have to be interpreted as meaning that in hypertensive patients the maxi- 
mal possible renal flow is less than in normal people; such 2 finding 
would be expected because of renal arteriosclerosis and could by no 
means be interpreted as evidence of renal ischemia which had caused 
hypertension. The role of renal ischemia in elevating arterial pressure 
even in the Goldblatt dog is not clear, for hypertension may be present 
in association with normal renal blood flow.'® In contrast to other 
pressor substances the pressor extract, renin, obtained from normal kid- 
neys raises arterial pressure without redistributing peripheral blood 
flow,'® as in patients with hypertension; while it has been shown fairly 
definitely that the kidney beyond a Goldblatt clamp contains more renin 
than a normal kidney,"’ the evidence is not so satisfactory that the kid- 
neys of patients who die of hypertension have more renin than do those 
of nonhypertensive controls.** 

In the presence of an actual obstruction in a renal artery or the 
aorta, as in the Goldblatt dog and in a few patients, nerve-cutting 
operations cannot elevate renal blood flow and can be of no value.’’ 
The contradictory results after renal denervation, section of splanchnic 
nerves, anterior rhizotomy or even complete sympathectomy in animals 
with other types of experimental hypertension (produced by such means 
as cisternal injections of kaolin, carotid sinus denervation, oxalate or 
antiserum “nephritis” and renal venous stasis) cannot at present be 


13. Smith, H. W.: Studies in the Physiology of the Kidney, Porter Lectures, 
Series 9, Extension Division, University of Kansas, Lawrence, Kan., 1939. 

14. Chesley, L. C., and Chesley, E. R.: The Diodrast Clearance and Renal 
Blood Flow in Normal Pregnant and Non-Pregnant Women, Am. J. Physiol 
127:731-737 (Nov.) 1939. 

15. Enger, R.; Linder, F., and Sarre, H.: Die Wirkung quantitativ abgestufter 
Drosselung der Nierendurchblutung auf den Blutdruck, Ztschr. f. d. ges. exper. 
Med. 104:1-9, 1938. 

16. Landis, E. M.; Montgomery, H., and Sparkman, D.: The Effects of 
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17. Harrison, T. R.; Blalock, A.; Mason, M. F., and Williams, J. R., Jr.: 
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transferred to patients with essential hypertension.*® Moreover, it is diffi- 
cult to elevate renal blood flow above normal for any length of time 
by actual denervation.*' 

If section of the splanchnic nerves fails to alter peripheral resistance 
either directly or by means of action through the kidneys (we have not 
observed the reported ** improvement in renal function) it might con- 
ceivably lower arterial pressure by a reduction of cardiac output. In 
our patients in whose cases the best results were achieved, the fall of 
pulse pressure, with relatively little change in diastolic level but with 
great reduction of systolic pressure, was striking. It is known that other 
operations cause a reduction of cardiac output by 40 per cent for two 
or three days,”* but apparently no one has studied cardiac output after 
section of the splanchnic nerves. The early great fall in blood pressure 
observed in all our patients is probably due to this mechanism. Since 
this function is normal in persons with hypertension, it is highly unlikely 
that operation would cause a prolonged subnormal level of cardiac output. 

The prognosis of any given hypertensive patient is well known to 
be uncertain. Barring the development of congestive heart failure or 
sudden occlusion of arteriosclerotic cerebral or cardiac arteries, the prog- 
nosis depends in general on a relatively minor factor, the height of the 
pressure, and on a major one, the extent of vascular lesions, which when 
present in a high degree lead to the diagnosis of malignant hypertension. 
In two regions these lesions give clear evidence of their presence: in 
the eyes as hypertensive retinitis, such as irregular arterial lumens, 
arteriovenous nicking, hemorrhage, exudate and papilledema, and in 
the kidneys as arteriosclerotic Bright’s disease (nephrosclerosis) asso- 
ciated with proteinuria, cylindruria, increased rates of excretion of 
tubular epithelial cells and red blood cells, occasional gross hematuria 
and decreased renal function. 


20. (a) Braun, L., and Samet, B.: Experimentelle Untersuchungen iiber die 
Beziehungen zwischen Blutdruck und Niere, Arch. f. exper. Path. u. Pharmakol. 
177:662-674, 1935. (b) Arnott, W. M.; Kellar, R. J., and Matthew, G. D.: 
Hypertension Associated with Experimental Serum Nephritis, Edinburgh M. J. 
44:205-217 (April) 1937. (c) Braun-Menéndez, E.: Stase veineuse du rein 
normal ou énervé et hypertension artérielle, Compt. rend. Soc. de biol. 113:461- 
462, 1933. 
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Renal Circulation, J. Clin. Investigation 18:319-341 (May) 1939. 
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(Sept.) 1938. 
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The experiences outlined in this paper show that in the present series 
section of the splanchnic nerves fails in general to modify the prognosis. 
Those patients who had the most severe renal and retinal lesions (and 
the highest pressures) fared worst ; those with minimal or no renal and 
retinal lesions fared best. In comparison with these criteria, the patient's 
age, the duration of the disease, presence of thickened larger arteries 
and lability of pressure (either spontaneous, in reaction to the cold test, 
or with the patient under the influence of sedative drugs) were of no 
significance whatsoever. 

Of the present series of 40 patients, only 6 can be seriously con- 
sidered as having had their prognoses altered by the operation. Of 
these, 2 (Mr. McK. and Mrs. P.) were remarkable chiefly for reduction 
in the systolic and the pulse pressure, the diastolic pressure being only 
temporarily lowered. Mr. Y. obtained a moderate reduction of pressure 
but averaged only 155 systolic and 110 diastolic before operation. While 
Mrs. M’s pressure has been as low as 110 to 120 systolic and 80 diastolic, 
such levels followed another operation and an attack of acute pulmonary 
edema. Mr. L. no longer has been observed to have “diencephalic” 
attacks, associated with such pressures as 245 systolic and 185 diastolic, 
but while the pressure level is lower, he remains incapacitated. Miss G., 
although her pressure did not fall appreciably until six months after 
operation, has had by far the best result ; in spite of the fact that clinical 
signs of heart failure were present before, she now leads an almost 
unrestricted life. Three of these patients would noi have been operated 
on had we adhered to the commonly accepted criteria for selection of 
patients. 

Arterial hypertension is associated with two entirely different con- 
stellations of symptoms. Those of the first are in the nature of compli- 
cations of the vascular lesions, i. e., headache from “brain edema,” 
blurred vision in association with retinopathy, dyspnea accompanying 
left ventricular failure, substernal pain in persons with myocardial 
infarction, hemiplegia and the syndrome of uremia. The second set of 
symptoms consists of more vague complaints, such as weakness, palpita- 
tion, pounding in the arteries, dizziness and fatigability, and have been 
shown ** to occur in nonhypertensive psychoneurotic patients with the 
same order of frequency as in patients with high arterial pressure. 

Relief of any of this second group of symptoms without reduction 
of blood pressure is not a successful result; it has been shown repeat- 
edly ** that enthusiastic or dramatic therapeutic efforts are often rewarded 


24. Ayman, D., and Pratt, J. H.: Nature of the Symptoms Associated with 
Essential Hypertension, Arch. Int. Med. 47:675-687 (May) 1931. 

25. Ayman, D.: An Evaluation of Therapeutic Results in Essential Hyper- 
tension: I. The Interpretation of Symptomatic Relief, J. A. M. A. 95:246-249 
(July 26) 1930. 
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by such relief. The only safe criterion of success is a complete cure, 
or at least a maintained significant ** decrease of blood pressure. Even 
the latter may at times follow ordinary operations,** and in 1 of our 
patients as marked a reduction in pressure followed a hysterectomy as 
had occurred a year earlier after section of the splanchnic nerves. 


SUMMARY AND CONCLUSIONS 


Forty patients were observed who underwent section of the splanchnic 
nerves and removal of three pairs of lower thoracic ganglions, performed 
in order to relieve arterial hypertension. The criteria usually given for 
selection of patients were ignored. 

From a consideration of what is known about the pathologic phy- 
siology of arterial hypertension and the effects of denervation it would 
seem that not much could be expected from any such denervating 
operations. 

In general the results were pour. In only 1 patient was there a 
brilliant result, although in 5 others there was some degree of success 
in reducing blood pressure. Six more patients felt better, but their 
arterial pressures were not lowered. In 9 patients there was no change. 
Eleven died within a year and a half, with their condition unchanged 
(transient relief of symptoms occurring in 5 of these). Eight died within 
two weeks of the operation. 

Such criteria as age, duration of hypertension, vascular complications 
in the brain and the heart, heart failure and lability of arterial pressure 
were not prognostically significant. The main role in deciding the out- 
come seemed to be played by the presence or absence of malignant 
hypertension as evidenced by renal and :etinal lesions. 


26. Ayman, D.: An Evaluation of Therapeutic Results in Essential Hyper- 
tension: II. The Interpretation of Blood Pressure Reductions, J. A. M. A. 96: 
2091-2094 (June 20) 1931. 

27. Volini, I. F., and Flaxman, N.: The Effects of Nonspecific Operations on 
Essential Hypertension, J. A. M. A. 112:2126-2128 (May 27) 1939. 
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MINNEAPOLIS 


Invasion of the blood stream by staphylococci often is attended with 
serious consequences. In a recent review, Mendell? collected from the 
literature 279 cases of staphylococcic septicemia and added 35 of his own. 
He found the mortality rate in these 314 cases to be 77 per cent. This 
high death rate approximates the experience of most physicians, and 
because of it there have been many attempts to combat this type of 
infection with various specific therapeutic agents. 

It is now generally recognized that the high mortality rate is due 
in part to potent exotoxins elaborated by certain strains of staphylococci, 
which are disseminated through the blood and tissues. According to 
several reports,’ it would appear that the prompt administration of 
specific staphylococcus antitoxin is an effective method for treating this 
toxemia. However, this form of serotherapy has certain limitations. 
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(June) 1939. 

2. Parish, H. J., and Clark, H. M.: Staphylococcal Toxin and Antitoxin, 
J. Path. & Bact. 35:251, 1932. Dolman, C. E.: Staphylococcus Antitoxic Serum 
in the Treatment of Acute Staphylococcal Infections and Toxaemias, Canad. M. 
A. J. 31:1 and 130, 1934. Joyner, A. L., and Smith, D. T.: Acute Staphylococcus 
Osteomyelitis: The Use of Staphylococcus Antitoxin as Aid to Management 
of Toxemia and Staphylococcemia, Surg., Gynec. & Obst. 63:1, 1936. Robertson, 
D. E.: Acute Hematogenous Osteomyelitis, J. Bone & Joint Surg. 20:35, 1938. 
Baker, L. D., and Shands, A. R., Jr.: Acute Osteomyelitis with Staphylococcernia, 
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Some highly invasive strains of staphylococci produce little or no 
exotoxin.? Furthermore, while the antitoxin neutralizes the exotoxin, 
it does not directly affect the bacteria. The potency of staphylococcus 
antitoxin is usually based on its antihemolytic titer. Valentine and 
Butler * expressed the belief that a more effective antitoxin would be 
one with its potency based on its antileukocidin content. Recently, still 
another form of serotherapy has been advocated. Julianelle and 
Wieghard * found that all pathogenic strains of staphylococci possessed, 
in common, an intracellular polysaccharide. Subsequently, Julianelle 
observed that the serums of patients with severe staphylococcic infections 
contained precipitins for this polysaccharide. Encouraging results have 
followed the treatment of patients having staphylococcic septicemia with 
an immune rabbit serum containing a high titer of precipitins for this 
carbohydrate fraction of staphylococci.* 

There has been continued interest in the use of bacteriophage for 
staphylococcemia, but this form of therapy has but few enthusiastic 
followers. On the other hand, due consideration must be given to the 
recent report of Longacre, Zaytzeff-Jern and Meleney,’ who, in a group 
of 21 patients with staphylococcic septicemia treated with bacteriophage, 
found the mortality rate to be 28.5 per cent. This compared favorably 
with their control group of 54 patients, which had a mortality rate of 
81.4 per cent. Albee *® recommended the local and parenteral use of 
bacteriophage in the treatment of osteomyelitis and septicemia. 

Various forms of chemotherapy have been championed for years, 
with only equivocal results. Arsenicals, especially neoarsphenamine, 
have been widely used in the treatment of staphylococcic sepsis involving 
the urinary tract. Osgood ® pointed out that the antistaphylococcic action 
of neoarsphenamine is greater than that of equivalent amounts of sulf- 
anilamide or sulfapyridine when added to bone marrow cultures contain- 


3. Blair, J. E.: The Pathogenic Staphylococci, Bact. Rev. 3:97, 1939. 

4. Valentine, F. C. O., and Butler, E. C: B.: Specific Immunity in Acute 
Staphylococcal Osteomyelitis, Lancet 1:973, 1939. 

5. Julianelle, L. A., and Wieghard, C.: The Immunological Specificity of 
Staphylococci: I. The Occurrence of Serological Types, J. Exper. Med. 62:11, 
1935. 

6. Julianelle, L. A.: Observations on the Specific Treatment (Type A Anti- 
serum) of Staphylococcal Septicemia, Ann. Int. Med. 13:308, 1939. 

7. Longacre, A. B.; Zaytzeff-Jern, H., and Meleney, F. L.: The Treatment 
of Staphylococcus Septicemia with Bacteriophage, Surg., Gynec. & Obst. 70:1, 
1940. 

8. Albee, F. H.: The Treatment of Osteomyelitis and Septicemia by Bac- 
teriophage, Rocky Mountain M. J. 35:43, 1938. 

9. Osgood, E. E.: Effectiveness of Neoarsphenamine, Sulfanilamide, Sulfa- 
pyridine in Marrow Cultures with Staphylococci and Alpha Streptococci, Proc. 
Soc. Exper. Biol. & Med. 42:795, 1939. 
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ing staphylococci. In view of this observation, the therapeutic value of 
neoarsphenamine in treatment of patients with septicemia merits further 
investigation. 

The value of chemotherapy for staphylococcic sepsis has been greatly 
enhanced by the results of investigations with sulfanilamide and its 
various derivatives. While it has been shown that under certain in 
vitro conditions sulfanilamide is bacteriostatic and bactericidal for 
staphylococci,’® the drug is of doubtful value in the treatment of 
septicemia, even though Thornhill and his associates* recorded the 
recovery of 2 patients following the use of sulfanilamide. It has been 
stated that in vitro sulfanilamide inactivates the exotoxin of Staphylo- 
coccus aureus.** More recently, Bayliss ’* reported that sulfanilamide, 
sulfapyridine and sulfathiazole (2-sulfanilamidothiazole) failed to inacti- 
vate in vitro the toxic manifestations of staphylococci. There is accumu- 
lating experimental and clinical evidence that sulfapyridine is definitely 
superior to sulfanilamide in the treatment of staphylococcic septicemia. 
Sulfapyridine offers greater protection than sulfanilamide to mice 
infected with fatal doses of Staph. aureus.’** Numerous case reports 
are available describing the successful use of sulfapyridine in the treat- 
ment of patients with septicemia.’* Blake and Haviland ** found this 
agent to be of doubtful value in the treatment of 5 patients. It would 
seem that still more promising results may be anticipated with the use 


10. Spink, W. W.: The Bactericidal Effect of Sulfanilamide upon Pathogenic 
and Non-Pathogenic Staphylococci, J. Immunol. 37:345, 1939. 

11. Thornhill, W. A., Jr.;: Swart, H. A., and Reel, C.: Sulfanilamide in 
Staphylococcic Septicemia: Two Cases with Recovery, J. A. M. A. 113:1638 
(Oct. 28) 1939. 

12. Carpenter, C. M., and Barbour, G. M.: Inactivation of Toxins to Staphylo- 
coccus Aureus and Clostridium Welchii in Vitro by Sulfanilamide, Proc. Soc. 
Exper. Biol. & Med. 41:354, 1939. 

13. Bayliss, M.: Effect of Sulfanilamide, Sulfapyridine and Sulfathiazole on 
Staphylococcus Toxins, Proc. Soc. Exper. Biol. & Med. 44:525, 1940. 

14. Whitby, L. E. H.: Chemotherapy of Bacterial Infections, Lancet 2:1095, 
1938. Bliss, E. A., and Long, P. H.: Comparative Therapeutic Effects of 
Sulfapyridine in Experimental Staphylococcus Aureus Infections in Mice, Proc. 
Soc. Exper. Biol. & Med. 40:32, 1939. 

15. Fenton, W. J., and Hodgkiss, F.: Staphylococcal Septicemia Treated by 
M. & B. 693, Lancet 2:667, 1938. O’Brien, E. J., and McCarthy, C. J.: Staphylo- 
coccal Septicemia Treated with M. & B. 693, ibid. 2:1232, 1938. Maxwell, J.: 
Staphylococcal Septicemia Treated with M. & B. 693, ibid. 2:1233, 1938. Wade, 
H. J.: Staphylococcic Septicemia Treated with Sulfapyridine, ibid. 1:756, 1939. 
McConney, F. S.: A Case of Staphylococcus Haemolyticus Septicemia Treated 
with Dagenan, Canad. M. A. J. 41:67, 1939. Goldberg, S. L., and Sachs, A.: 
Sulfapyridine in the Treatment of Staphylococcus Aureus Bacteremia, J. A. M. A 
113:1639 (Oct. 28) 1939. 

16. Blake, F. G., and Haviland, J. W.: Sulfapyridine in Pneumococcal, Strept«. 
coccal and Staphylococcal Infections, Tr. A. Am. Physicians 54:130, 1939. 
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of sulfathiazole in the treatment of septicemia. The in vitro bacterio- 
static action of sulfathiazole on staphylococci is more pronounced than 
that observed for sulfapyridine.’* Sulfathiazole has been shown to be 
more efficient than sulfapyridine in protecting mice against lethal doses 
of Staph. aureus.'® Few clinical reports are available concerning the 
therapeutic value of sulfathiazole in the treatment of staphylococcic 
septicemia in human beings. Fitch *® successfully treated with sulfa- 
thiazole a child who had staphylococcic septicemia and pyemia. Stirling*® 
used sulfathiazole effectively in the treatment of an elderly person with 
staphylococcic septicemia. In a preliminary report for the Council on 
Pharmacy and Chemistry of the American Medical Association, Long ** 
stated that sulfathiazole was as effective as sulfapyridine, if not more 
so, in the treatment of human staphylococcic infections. 

During the past three years, we have observed 100 patients with 
various types of staphylococcic sepsis. Staphylococci were isolated from 
the blood streams of 50 of these patients. Twenty-five of these patients 
having staphylococcemia are included in this report. Either sulfa- 
pyridine or sulfathiazole or both were administered to the latter group.** 

Ten patients were treated with sulfapyridine. Pertinent clinical data 
and the results of therapy are shown in table 1. Four of the patients 
in this group died, a mortality of 40 per cent. There was some varia- 
tion in the dose of the drug that was used, but the usual procedure was 
to administer orally 4 Gm. as an initial dose and then 1 Gm. every four 
hours.** Equivalent doses of sodium bicarbonate were given at the same 
time. Sodium sulfapyridine was given intravenously to only 1 patient, 


17. Lawrence, C. A.: Bacteriostatic Actions of Three Thiazol Derivatives of 
Sulfanilamide upon Bacteria in Broth Cultures, Proc. Soc. Exper. Biol. & Med. 
43:92, 1940. Long, P. H., and Bliss, E. A. : Bacteriostatic Effects of Sulfathiazole 
upon Various Micro-Organisms: Its Therapeutic Effects in Experimental Pneu- 
mococcal Infections, ibid. 43:324, 1940. Rammelkamp, C. H., and Keefer, C. S.: 
Sulfathiazole: Effect on Staphylococcus Aureus in Vitro, ibid. 43:664, 1940. 

18. Rake, G., and McKee, C. M.: Action of Sulfathiazole and Sulfamethyl- 
thiazole on Staphylococcus Aureus, Proc. Soc. Exper. Biol. & Med. 43:561, 1940. 
Bliss, E. A., and Ott, E.: Effect of Sulfapyridine, Sulfathiazole and Sulfamethyl- 
thiazole upon Severe Staphylococcal Infection in Mice, ibid. 43:706, 1940. 

19. Fitch, T. S. P.: Sulfathiazole in Staphylococcus Aureus: Epidural Abscess 
with Septicemia and Pyemia, Arch. Pediat. 57:119, 1940. 

20. Stirling, W. C.: Sulfathiazole: Two Cases of Septicemia with Recovery, 
J. A. M. A. 115:118 (July 13) 1940. 

21. Long, P. H.: Suifathiazole and Sulfamethylthiazole, J. A. M. A. 114:870 
(March 9) 1940. 

22. Sulfapyridine was supplied by Merck & Co., Inc.; sodium sulfapyridine, by 
the Calco Chemical Co.; sulfathiazole and sodium sulfathiazole, by the Squibb 
Institute for Medical Research 

23. In children the average daily dose was 0.25 Gm. per kilogram of body 
weight. 
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in the form of a 5 per cent solution in distilled water. As the tempera- 
ture became normal and the blood cultures remained sterile, the dose 
was reduced over a period of several days. Some comment is necessary 
concerning the 4 patients who died. Patient 5 had many metastatic 
lesions and severe pyemia. Although she received 37 Gm. of sulfa- 
pyridine in ten days and the level of free sulfapyridine in the blood was 
10.1 mg. per hundred cubic centimeters, she became progressively worse 
and finally died. Patient 10 likewise had severe pyemia and was 
moribund on entry to the hospital. Patient 6 was in a comatose con- 
dition when first treated. She received a total of 7.2 Gm. of sodium 
sulfapyridine in twelve hours. Although her temperature declined after 
this therapy, no further improvement was observed. Postmortem exam- 
ination revealed bacterial vegetations on the mitral valve and myocardial 
abscesses. Patient 8 was under observation for eleven months. When 
first seen, she presented the signs and symptoms of subacute bacterial 
endocarditis. After the administration of sulfapyridine, she became 
afebrile and the blood cultures remained sterile. She returned home 
and was apparently in good health for five months. However, shortly 
before her second admission, she suffered from a cerebral embolus and 
staphylococci were isolated from her blood stream. She failed to 
improve and died seventeen months after the onset of the illness. 
Staphylococci were obtained from the mitral vegetations at autopsy. 
In the remaining 6 patients, who recovered, the blood streams were 
sterilized after the administration of sulfapyridine. On entry, patient 1 
was acutely ill with an infection of the blood stream; however, we were 
unable to determine the primary focus of the infection. The leukocytes 
in his blood totaled 800 per cubic millimeter. Examination of Wright- 
stained blood smears revealed cocci in the cytoplasm of the polymorpho- 
nuclear neutrophilic leukocytes. It was of interest that after sulfapyridine 
had been given for several days staphylococci disappeared from the blood 
stream and that at the same time there was a marked increase in the 
circulating leukocytes. He reentered the hospital six months after 
recovery from this infection, at which time he had lymphatic leukemia. 
The leukemia was not in evidence during the previous period of hos- 
pitalization. His blood cultures remained sterile during the second 
period of observation. Patient 2 entered the hospital in a state of severe 
diabetic acidosis. He had a large carbuncle on his neck, and staphylo- 
cocci were isolated repeatedly from his blood. After sulfapyridine ther- 
apy the staphylococcemia disappeared and he recovered. He reentered 
the hospital two months later complaining of chills and fever, pyuria 
and dysuria; cultures of the blood and urine showed the presence of 
staphylococci. Because of the reduced renal function, presumably due 
to multiple nephritic abscesses, neoarsphenamine was given intravenously 
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instead of sulfapyridine. He recovered completely and has been in excel- 
lent health for the past seven months. -Sulfanilamide was given to 
patients 2, 4, 8 and 10, without any demonstrable benefit. 

Fifteen consecutive patients were treated with sulfathiazole (table 2). 
Essentially the same oral doses were employed as for sulfapyridine. It 
is to be noted that lower concentrations in the blood were attained with 
sulfathiazole than with sulfapyridine. The blood was sterilized in all 
15 patients after the use of sulfathiazole, and all recovered from their 
acute infections. Patient 23 died subsequently of complicating myelog- 
enous leukemia. Patients 12, 13, 23 and 24 also received sulfapyridine 
prior to the use of sulfathiazole. In patient 12, the temperature decreased 
after the administration of sulfapyridine, but the bacteremia persisted. 
Sulfapyridine had no beneficial effect in patient 13, while it appeared to 
be equally as effective as sulfathiazole in patient 23. When sulfapyridine 
was administered to patient 24, clinical improvement followed, but the 
temperature remained elevated. Sulfanilamide had been administered 
before sulfathiazole to patients 13, 17, 19, 20 and 23, without any 
improvement. 

COMMENT 


It is apparent from the foregoing data that sulfathiazole is superior 
to either sulfanilamide or sulfapyridine in the treatment of patients 
with staphylococcemia. It should be emphasized that although sulf- 
athiazole will sterilize the blood stream, viable organisms will persist in 
localized abscesses and metastatic lesions. Therefore, as an adjunct to 
therapy with sulfathiazole it is imperative that abscessed areas be ade- 
quately drained. While the drug will not sterilize the contents of an 
abscess, there is clinical evidence that it will aid in preventing the spread 
of the infection to healthy tissue and the consequent dissemination of 
bacteria to the blood stream. Any patient who has been successfully 
treated for septicemia, but in whom foci of infection persist, must be kept 
under observation for a long period, because invasion of the blood stream 
may recur. 

It is difficult to state what concentration of either sulfapyridine or 
sulfathiazole in the blood will give the maximum therapeutic effect. In 
the sulfapyridine-treated patients the levels of the free drug averaged 
about 6 mg. per hundred cubic centimeters, while in the group receiving 
sulfathiazole the concentrations were definitely less than this. Further 
investigation is necessary before definite recommendations can be made. 

Sulfathiazole appears to be a drug that can be given with a reason- 
able degree of safety. In the present series of patients, its administration 
resulted in nausea and vomiting in but 3 and in nausea alone in a 
fourth. In 3 of the patients who received sulfathiazole dermatitis 
developed. In 2 of the patients the eruption was maculopapular, while 
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in the third (patient 18) it had the appearance of an erythema nodosum- 
like lesion. It is of interest that we discontinued the administration of 
the drug in the latter patient until the cutaneous lesions had disappeared 
and that then the same doses were resumed for several days without a 
recurrence of the dermatitis. In a larger series of patients treated with 
sulfathiazole, dermatitis was found to be the most frequent toxic reaction 


to this drug.** 
SUMMARY 


Ten patients with staphylococcic bacteremia were treated with sulf- 
apyridine. Six of the patients recovered. 

Fifteen patients were treated with sulfathiazole, in all of whom the 
blood was successfully sterilized. Only 1 patient died subsequently ; his 
death was due to myelogenous leukemia. 

Sulfathiazole appears to be the best therapeutic agent that we have 
at present for this type of infection and can be administered with a rea- 


sonable degree of safety. 


Nore.—Since this report was submitted for publication, 4 additional 
children having staphylococcic bacteremia have been treated with sulf- 
athiazole. Three of them recovered, while the fourth died. 


Patient 26, a 9 year old girl, had osteomyelitis involving the right foot. Staph. 
aureus was isolated from the blood stream on four occasions. After the adminis- 
tration of sulfathiazole there was marked improvement in her clinical condition, 
which permitted surgical drainage of the involved bone. At the time she left 
the hospital there was still some purulent discharge from the local lesion. Patient 
27, a 12 year old girl, had acute osteomyelitis of the lower part of the right tibia. 
When she entered the hospital it was believed that she had tetanus, because of 
convulsions and other clinical features. Four successive blood cultures contained 
Staph. aureus. After medication with sulfathiazole there was dramatic improve- 
ment in her condition, and blood cultures remained sterile. A drug dermatitis 
ensued, and sulfapyridine was prescribed. Several weeks after recovery osteo- 
myelitis appeared in the left tibia, indicating a second invasion of the blood 
stream while she was receiving sulfapyridine. Patient 28, an 11 year old girl, 
suffered from severe cellulitis of the right side of the face, originating from a small 
furuncle in this area. Blood cultures yielded Staph. aureus four times. On one 
occasion there were 12 colonies per cubic centimeter of blood. Although adequate 
doses of sulfathiazole were administered, she remained acutely ill. On the fifth 
day of her stay in the hospital, she received 100,000 units of staphylococcus anti- 
toxin intravenously. During the next three days an additional 180,000 units was 
given. Coincident with the combined use of sulfathiazole and antitoxin, the blood 
stream hecame sterile, and there was marked improvement in her condition. 
She left . e hospital twenty-eight days after admission. In patient 29, a 14 year 
old boy, thrombophlebitis of the right leg developed five days before admission 
to the hospital. Prior to this he had had recurrent furunculosis. Staph. aureus 


24. Spink, W. W., and Hansen, A. E.: Sulfathiazole: Clinical Evaluation, 
J. A. M. A. 115:840 (Sept. 7) 1940. 
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was isolated from his blood cultures five times. The same organism was obtained 
from the cerebrospinal fluid. Sulfapyridine was administered in large doses, and 
the level of free sulfapyridine in the blood rose to 21.3 mg. per hundred cubic 
centimeters. Antitoxin was given intravenously. He also received sulfathiazole 
However, his condition became progressively worse, and he died on the ninth day 
of his stay in the hospital. Postmortem examination revealed an extensive pyemic 
process with multiple abscesses present throughout the entire body. It is of interest 
that in vitro studies carried out with the strain of staphylococcus isolated from the 
patient’s blood showed that it was much more susceptible to the bacteriostatic action 
of sulfathiazole than that of sulfapyridine. 
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ENTERORRHAGIA COMPLICATING LOBAR 
PNEUMONIA 


ACUTE PNEUMOCOCCIC HEMORRHAGIC ULCERATIVE GASTRO- 
ENTERITIS, WITH REPORT OF A CASE 


JOSEPH P. McCRACKEN, M.D. 
BOSTON 


The occurrence of gastrointestinal hemorrhage in the course of pneu- 
monia is not mentioned in the most recent American textbooks of medi- 
cine or treatises on pneumonia. However, according to the foreign 
literature (and it is here that the great majority of cases of such a con- 
dition are described) this condition is a fairly well known complication 
of pneumonia. 

Aversa? attributed the first observations of enterorrhagia in the 
course of pneumonia to Ponfick, Jaksch, Engel and Dittrich; later there 
was confirmation by Brinton and Berthold. Aversa reported these 
instances of the condition as having occurred prior to 1887 but did not 
list references. 

Dieulafoy,? in 1887,-recorded 2 cases with pathologic reports. The 
first was one of lobar pneumonia during the course of which there 
occurred abdominal pain and hematemesis, followed by melena. Necropsy 
showed multiple acute ulcerations, from the size of a pinpoint to 3 mm. 
in diameter, located chiefly in the pyloric region of the stomach. Pneu- 
mococci were found in the edge of the ulcers and in the nearby inter- 
glandular connective tissue. The second case was that of a patient who 
complained of severe abdominal pain on the eighth day after the onset 
of lobar pneumonia, vomited 1 liter of blood and died on the nineteenth 
day, of pneumococcic endocarditis and meningitis. At autopsy no gross 
ulcerations of the stomach were noted, but microscopic section showed 
small hemorrhagic foci in the submucosa and, more abundantly, in the 
interglandular tissue. Search for micro-organisms was reported as 
fruitless, and there were no signs of an inflammatory reaction. To this 


From the Department of Medicine, Emory University School of Medicine, 
Atlanta, Ga. 

1. Aversa, T.: Emorragie del tubo digerente durante il decorso delle pneu- 
moniti, Pediatria 46:628 (July) 1938. 

2. Dieulafoy, G.: Clinique médicale de l’H6tel-Dieu de Paris, Paris, Masson 
& Cie, 1887, lesson 17; cited by Aversa.1 
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intercurrence of gastric hemorrhage in lobar pneumonia Dieulaioy gave 
the name “pneumococcic hemorrhagic ulcerative gastritis.” 

Griffon,’ in 1899, cited another case in which at autopsy both gastric 
and intestinal hemorrhagic ulcerations were observed but no bacteria 
were found in the ulcers. Rathery * cited a similar case of enterorrhagia 
in 1901, but the outcome was not described. 

In 1913 de Sandro ® described a case of lobar pneumonia in which, 
after eight days of illness, a severe intestinal hemorrhage intervened, pre- 
ceded and accompanied by abdominal pain, muscular rigidity and 
tenesmus and followed by severe circulatory collapse and exsanguination. 
He applied the name “pneumococcic hemorrhagic ulcerative enteritis” 
to this complication. 

Chatard * in 1926 found only 8 cases recorded in the French litera- 
ture. He discussed a study made by Schneider in 1905, in which the 
following classification of intestinal complications of pneumonia +was 
made: (1) simple enteric, (2) dysenteric and (3) ulcerative hemor- 
rhagic. The simple enteric type is characterized by tympanites with 

, accompanying respiratory embarrassment and is considered to be due to 
profound toxemia. The dysenteric type, in which the name is self 
explanatory, shows the tenesmus, the blood-streaked stools and the other 
manifestations of acute dysentery. Chatard, however, subdivided the 
third type into the ulcerative and the hemorrhagic. The ulcerative type 
usually does not give rise to immediate clinical symptoms unless it be 
perforation of the intestines, of which only 1 case was mentioned. The 
hemorrhagic type may simply occur in combination with the ulcerative 
type or may be completely autonomous. The blood passed is fresh or is 
transformed during its passage through the intestine before making itself 
evident as a tarry stool. 

Chatard ° cited the case of a man who had a large intestinal hemor- 
rhage in an acute illness but in whom the focus of infection could not be 
found. However, three weeks later pneumococcic empyema was iden- 
tified. A blood culture was sterile, but the pneumococci were recovered 
in a culture of the urine. 


3. Griffon: Ulcérations hémorrhagiques de l’estomac et double ulcération 
térébrante du duodénum au cours d’une pneumonie suppurée, Bull. et mém. Soc. 
anat. de Paris 1:611, 1899; cited by Aversa. 

4. Rathery: Hémorragie intestinale dans un cas de pneumonie, Bull. et mém. 
Soc. méd. d. hép. de Paris 18:976, 1901; cited by Aversa.1 

5. de Sandro, D.: Contributo allo studio delle enterorragie pneumoniche, 
Policlinico (sez. med.) 20:306, 1913; cited by Aversa.1 

6. Chatard, J.: Case of Intestinal Hemorrhage in Pneumococcal Infection 
with Clinical Remarks, M. J. & Rec. 123:453 (April 7) 1926. 
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The first case of intestinal hemorrhage complicating pneumonia 
described in the American literature is that reported by Johnson’ in 
1929. This was the case of a 12 year old boy who suddenly had a large 
(500 cc.) intestinal hemorrhage on the fourth day of “influenzal pneu- 
monia.” In Johnson’s experience it had not been unusual for patients 
with influenza to have slight bleeding from the intestine, but in no other 
case had he seen such copious hemorrhage, which he concluded was 
an unusually severe manifestation of influenzal congestion of the 


intestine. 

In July 1930 Lesné, Heimann and Liévre*® reported 2 cases of 
enterorrhagia occurring in children in the course of pneumococcic pneu- 
monia. In the first case the child recovered after transfusion, but in the 
second, that of a 28 month old baby, the child died and at autopsy it was 
not possible to define any lesion that could justify the intervening hemor- 
rhage. Blood cultures were sterile. In the same report 2 additional 
cases of the condition in children were described by Guillemot, Prieur 


and Barbé. 

Lorando,’ in 1934, reported a case of a 78 year old man with diabetes 
in which pneumonia occurred and was followed by melena, with a fatal 
hemorrhage five days later. Necropsy showed a small ulceration in the 
pylorus of the stomach. Lorando attributed the hemorrhage to the 
action of the toxin of the virus on the capillaries. 

More recently Lambrinacos *° and Aversa? have recorded cases of 
intestinal hemorrhage occurring in the course of lobar pneumonia. 


In none of the aforementioned cases was the type of the pneumo- 
coccus determined. In 1938, in a report of 2 cases by Sanford, Hughes 
and Weems," the pneumococcus was recorded as type IV in each case. 
In the first case, the pneumococci were recovered from the blood stream 
and autopsy revealed a large (4 cm.) ulcer in the fundus of the stomach 
with six smaller ones nearby. In the other case, the blood cultures were 
sterile and the patient recovered after a moderate enterorrhagia. 


7. Johnson, W. M.: Intestinal Hemorrhage as a Complication of Pneumonia, 
Arch. Pediat. 46:193 (March) 1929. 

8. Lesné, E.; Heimann, and Liévre, J. A.: Hémorragie intestinale et pneu- 
monie, Bull. Soc. de pédiat. de Paris 28:420 (July) 1930; cited by Aversa.1 

9. Lorando, N.: Sur un cas d’hémorragie gastro-intestinale chez un diabétique 
atteint de pneumonie grippale, Bull. et mém. Soc. méd. d. hop. de Paris 50:1080, 
1934; cited by Aversa. 

10. Lambrinacos: Un cas d’entérorragie chez un enfant atteint de pneumonie, 
Bull. Soc. de pédiat. de Paris 35:257 (April) 1937. 

11. Sanford, C. H.; Hughes, J. D., and Weems, J.: Pneumonia Complicated 
by Acute Pneumococcic Hemorrhagic Ulcerative Gastroenteritis (Dieulafoy's 
Erosion), Arch. Int. Med. 62:597 (Oct.) 1938. 
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REPORT OF CASE 


J. G., a 19 year old Negro, was admitted to the Negro unit of Grady Hospital 
on Sept. 28, 1938, complaining of a head cold and a sore throat, of one week’s 
duration. There was an associated cough productive of purulent sputum. His 
past health had always been excellent, with no history of nausea, indigestion, 
abdominal pain, hematemesis, icterus or bloody or tarry stools. 

On admission, he was well developed and well nourished but dehydrated and 
in acute distress. The rectal temperature was 104 F., the pulse rate 110 and the 
respiratory rate 24. The blood pressure was 124 systolic and 84 diastolic. The skin 
was dry and hot and the facies anxious. The nasal turbinates were edematous 
and injected. Herpes simplex was present about the mouth. The pharynx was 
acutely inflamed. The cervical lymph nodes were bilaterally enlarged and tender. 
The heart was normal, and the lungs were entirely clear. Moderate abdominal 
distention with active peristalsis was noted. 

The day after admission the patient had a shaking chill, and on September 30 
pain, aggravated by respiration, developed in the right lower part of the chest. 
Examination at this time revealed signs of early pneumonia in the lower lobe of 
the right lung, which progressed until October 2, when frank consolidation, con- 
firmed by roentgen examination, became evident. At this time there was noted 
tenderness in the epigastrium and right upper quadrant of the abdomen. The 
complaint of epigastric pain continued until October 4, at which time the patient 
became semicomatose. On the afternoon of October 5, the sixth day of his pneu- 
monia, he passed about 500 cc. of semiliquid, tarry stool. At that time the blood 
pressure was 116 systolic and 68 diastolic. The abdomen was soft, with involun- 
tary resistance and tenderness in the right upper quadrant. The apparently 
moribund condition persisted from the sixth to the eighth day of illness. On 
October 7, the eighth day of his pneumonia, he was much improved, the tem- 
perature having declined by lysis. The stools had returned to normal and showed 
no occult blood. Laboratory data showed the initial leukocyte count of 24,000 
had risen to 35,000 at the height of the pneumonia and subsided to normal after 
the acute illness. Attempts to type the pneumococci in the sputum were unsuccess- 
ful. Blood cultures made at the onset of pneumonia were sterile. The rectal 
temperature during the first five days of his stay in the hospital ranged between 
103 and 105 F., but dropped suddenly to 101 F. two days prior to enterorrhagia 
and then returned by lysis to normal four days after the first decrease. When diet 
was resumed it was restricted to milk and alkaline powders and was progressively 
increased first to a soft and then to a regular diet a few days later. Roentgeno- 
graphic studies failed to show any evidence of ulceration in the gastrointestinal tract. 
Since discharge the patient has been followed in the medical outpatient clinic and 
has shown no further complication. 


Summary.—The case is reported of a 19 year old boy in whom, after acute 
nasopharyngitis, lobar pneumonia developed. On the sixth day of the pneumonia, 
after complaining of pain in the upper part of the abdomen, he passed a large 
tarry stool. No further gastrointestinal bleeding occurred, and he recovered. 
Roentgenographic investigation of the stomach and intestines after the administra- 
tion of barium revealed no ulceration. In view of no previous history of peptic 
ulcer, no evidence of hepatic disease and no presence of a blood dyscrasia, it is 
reasonable to include this case under the disease entity acute pneumococcic hemor- 
rhagic ulcerative gastroenteritis. 
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COMMENT 

An attempt has been made to summarize the data from the afore- 
mentioned cases. A complete analysis of all cases could not be made 
since some were only cited and others were incompletely described. 
However, enough data have been assembled to be of value in the study 
of the condition now known as acute pneumococcic hemorrhagic ulcera- 
tive gastroenteritis. 

Age.—The youngest patient whose case was reported was a 28 month 
old baby, whereas the oldest was a 78 year old man with diabetes. The 
age of the patient was between 6 and 26 in 60 per cent of the 10 cases in 
which it was stated. 

Sex.—The incidence of enterorrhagia was much greater among male 
than among female patients, for it occurred in male patients in 9 of the 
12 cases in which sex was mentioned. 

Occurrence of the Bleeding—In 12 cases the time of manifestation 
of the gastrointestinal bleeding was cited. This ranged from three to 
twenty-seven days after the onset of the pneumonia. In the case reported 
by Chatard the enterorrhagia occurred three weeks and was repeated 
two weeks prior to the recognition of existing pneumococcic empyema. 
Six to eight days after the onset of the pneumonia was the average time 
recorded for the occurrence of the enterorrhagia. 

Signs and Symptoms.—(a) Abdominal Pain: This was emphasized 
in 6 cases, the pain being either in the epigastrium or in the right upper 
quadrant of the abdomen or in both regions. There was also muscular 
rigidity in the case of de Sandro and in the one reported in this paper. 
The other writers did not make a statement as to the presence or absence 
of abdominal discomfort. 

(6b) Melena: This was present in all cases cited. In 3 hematemesis 
was also noted. In those cases which were fully described, signs of 
shock usually were associated with or appeared after the gastrointestinal 
bleeding. In a few cases (Chatard,® Rathery * Aversa’ and the case 
reported here) there was a drop in temperature previous to the recogni- 
tion of the bleeding, but this was not true in the other cases. 

Mortality —Of the 24 cases thus far reported, the outcome is defi- 
nitely known in 13: In 6 it was fatal and in 7 recovery was made. 

Pathologic Observations ——Autopsies were reported in 6 cases. In 
the first case reported by Dieulafoy ** there were multiple acute ulcera- 


12. Dieulafoy, G.: (a) A Text-Book of Medicine, ed. 15, New York, D. 
Appleton and Company, 1911, p. 658; (b) Gastrite ulcéreuse pneumococcique: 
Grandes hématéméses, in Clinique médicale de 1’H6tel Dieu de Paris, Paris, Masson 
& Cie, 1899, lesson 11, p. 219; (c) footnote 2. 
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tions of the stomach, from pinpoint in size to 3 mm. in diameter. These 
ulcers were located chiefly in the pylorus. Histologic and bacteriologic 
preparations showed pneumococci at the edge of the ulcer and in the 
surrounding interglandular connective tissue. In his second case no 
gross ulcerations were found, but there were microscopic hemorrhagic 
foci in the submucosa and interglandular tissue. Evidence of inflamma- 
tory reaction was absent, and organisms were not found. In Lorando’s *® 
case the patient had a pyloric ulcer, whereas in the one reported by 
Griffon * the patient had both pyloric and duodenal ulcers, but bacteria 
were not found. In the case of Sanford and his associates "* the patient 
showed a large (4 cm.) acute ulcer in the fundus with tiny ones nearby. 
Microscopic sections revealed an acute hemorrhagic reaction; bacteria 
were mentioned, but their identification was not recorded. In the case 
of the 28 month old baby described by Lesné, Heimann and Liévre,* no 
lesions were observed that could be justifiably considered the cause of 
the enterorrhagia. In the 5 cases in which there was ulceration, no 
microscopic evidence of chronicity or preexisting ulcer formation was 
noted. 

Etiologic Agent.—The cause of the hemorrhagic manifestation has 
been attributed to the action of the pneumococci or their toxin on the 
endothelium of the capillaries, with resulting congestion, ulceration and 
hemorrhage. Dieulafoy,'** cited the interesting experiment by Griffon 
and Bezancon in which the peritoneum of a guinea pig was inoculated 
with virulent pneumococci, which inoculation resulted in the production 
of petechiae in the mesentery and hemorrhagic ulcerations in the intes- 
tinal and gastric mucosae. Microscopic sections showed the mucosal 
and submucosal coats only were affected and the pneumococci were 
present in the ulcers, as in all organs. In only 2 of the autopsies cited, 
however, were bacteria noted at the site of the ulcer, and in only 1 *** 
was the pneumococcus identified. The pneumococcus was thought to be 
the causative agent in all cases except that described by Johnson,’ who 
termed the cause influenzal in nature. However, if one judges from his 
description, the influenza may have preceded the described lobar pneu- 
monia. In his case and in all the others the pulmonary lesion was 
defined as lobar pneumonia, except in Chatard’s case, in which pneumo- 
coccic empyema was considered to be the primary source of the pneumo- 
coccic infection. In only the 2 cases reported by Sanford and his 
associates 4 were the pneumococci successfully typed, and in both they 
were found to belong to type IV. 

Treatment.—Therapy in the reported cases has been that which is 
usually instituted for gastrointestinal bleeding and for shock, if present. 
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SUMMARY 


A review of the literature on the intercurrence of enterorrhagia in 
pneumonia reveals reports of but 23 cases, to which that of a new case 
is added. Analysis of these case reports has been made in regard to 
cause, age group, sex, occurrence of the hemorrhage, clinical manifesta- 
tions, mortality and pathologic observations. 

This condition now known as acute pneumococcic hemorrhagic 
ulcerative gastroenteritis, although not mentioned in recent American 
textbooks of medicine, is probably more common than the review of the 
literature reveals and should be considered as one of the more serious 
complications of lobar pneumonia. 


Joseph H. Pratt Diagnostic Hospital. 








PLEUROPULMONARY TULAREMIA 


STAIGE D. BLACKFORD, M.D. 
AND 


CARLTON J. CASEY, M.D. 
UNIVERSITY, VA. 


The pleuropulmonary lesions associated with tularemia present such 
characteristic morphologic features that they must be accepted as a 
manifestation rather than a complication of the disease. These pathologic 
changes are frequent in persons with tularemia, and a variety of thoracic 
conditions may result clinicaily on account of their peculiar nature. These 
abnormalities in the chest may even obscure, and prevent the diagnosis 
of, the underlying tularemia. It is the purpose of this presentation (a) 
to review the salient morbid anatomic and pathophysiologic features of 
pleuropulmonary tularemia and (>) to analyze the clinical observations 
in a group of 95 unselected cases of tularemia with particular reference 


to abnormalities in the chest. 


REVIEW OF PATHOLOGIC CHANGES 

Because of duplications in the literature it is difficult to state exactly 
the number of reported cases of tularemia in which necropsy was done. 
Foshay * collected 43 necropsy reports but apparently failed to include 
10 cases previously gathered by Lillie and Francis.2 Three other cases 
have been reported subsequentiy.* Thus it will be seen that there are 
probably 56 necropsy reports of tularemia on record. Lesions of 
tularemic pneumonia were described in 35 of these 56 autopsy records, 
indicating an incidence of 62.5 per cent in fatal cases. 


From the Department of Internal Medicine, University of Virginia Hospital. 

1. Foshay, L.: Cause of Death in Tularemia, Arch. Int. Med. 60:22-38 
(July) 1937. 

2. Lillie, R. D., and Francis, E.: The Pathology of Tularemia, Bulletin 167, 
National Institute of Health, February 1936, p. 76. 

3. (a) Pund, E. R., and Hatcher, M. B.: Tularemic Meningitis: Report of 
a Case with Postmortem Observations, Ann. Int. Med. 10:1390-1398 (March) 
1937. (b) Weilbaecher, J. O., Jr., and Moss, E. S.: Tularemia Following 
Injury While Performing Postmortem Examination on Human Case, J. Lab. & 
Clin. Med. 24:34-38 (Oct.) 1938. (c) Kimmelstiel, P., and Caldwell, H. W.: 
Tularemic Septicemia: Report of a Case, Am. J. Path. 15:127-135 (Jan.) 1939. 
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Two routes by which Bacillus tularensis may reach the lung have 
been discussed. Permar and Maclachlan* and Fetterman and Lerner ° 
have suggested direct infection of the respiratory tract through inhala- 
tion and have presented illustrative cases in which cutaneous ulceration 
and regional adenopathy were lacking. On the other hand, Kavanaugh ° 
said that he considered hematogenous dissemination of the infection 
responsible for the pulmonary changes. The bacteremia known to occur 
early in many cases favors this view. Reimann’ has summarized the 
possibilities as follows : 

In the general systemic form, the bacteria have a predilection for lymphoid 
tissue and produce granulomatous changes and later focal necrosis in the lymph 
nodes, spleen and lungs. . . . In this form, the lungs are often invaded by way 
of the blood stream and pneumonia occurs as a concomitant localization. In the 
rare primary pulmonic form, as in plague, infection is apparently acquired by 
inhaling bacilli, suspended in air as dust or in droplets expelled from patients or 
animals who have tularemic pneumonia, or from handling dried cultures of the 
bacteria. 


On the other hand, infection through inhalation has not been proved, 
and is extremely rare if it ever occurs. The failure to find a portal 
of entry does not mean that the organism entered through the respiratory 
tract. In the series being reported, ulcers or enlarged glands were found 
in one fifth of the patients with pneumonia, but in no instance was there 
reason to suspect inhalation of the organism. We feel that ulceration 
and adenopathy represent protective phenomena against massive systemic 
invasion and that when widespread visceral involvement occurs it is 
either because of an overwhelming inoculation or because of lack of 
protection, as manifested by the absence of ulcer formation and regional 
adenopathy. Visceral involvement which can be detected clinically (i. e., 
in the chest) is certainly relatively more frequent in patients with the 
so-called typhoid type of tularemia than in those with any other type 
of the disease. 

The morbid anatomic features of tularemic pneumonia and tularemic 
hydrothorax have been comprehensively discussed by Lillie and Francis * 
on the basis of 32 necropsies of the chest performed up to 1937. Addi- 


4. Permar, H. H., and Maclachlan, W. W. G.: Tularemic Pneumonia, Ann. 
Int. Med. 5:687-698 (Dec.) 1931. 

5. Fetterman, G. H., and Lerner, H.: Fatal Case of Tularemic Pneumonia 
with Associated Ileitis: Clinical and Pathological Report, J. Lab. & Clin. Med. 
21:1157-1161 (Aug.) 1936. 

6. Kavanaugh, C. N.: Tularemia: Consideration of One Hundred and 
Twenty-Three Cases with Observations at Autopsy in One, Arch. Int. Med. 55: 
61-85 (Jan.) 1935. 

7. Reimann, H. A.: The Pneumonias, Philadelphia, W. B. Saunders Company, 
1938, p. 277. 
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tional necropsy records have added little to their description of the 
pleuropulmonary pathologic changes in the disease, and their article has 
been freely drawn on for present purposes. ° 

In the thorax, as elsewhere, tularemia has been found to be primarily 
a necrotizing process, with foci of necrosis as the outstanding lesion. 
This fact differentiates tularemic pneumonia from pulmonary consolida- 
tion occurring in the course of certain other diseases as the result of 
secondary infection. Lillie and Francis stated: 


In fatal tularemia the most frequent pulmonary lesion is a pneumonia which 
is basically nodular or confluent nodular in character, sometimes lobar in extent, 
and involves from one to all lobes.? 


The pleura has shown fibrinous, fibrinocellular and fibrinocaseous exuda- 
tion in a number of cases. 

In order to understand the variable morphologic descriptions of 
pleuropulmonary tularemia, it is necessary to recognize that there are 
two pathologic processes going on simultaneously: (@) a necrotizing 
action of the etiologic agent and (0) a cellular reaction of the reticulo- 
endothelial-monocytic-epithelioid type. In summarizing the pathologic 
process of tularemia in general, Lillie and Francis ? remarked : 


In early lesions and those proximal to the primary lesions, necrosis tends to 
dominate and involves pre-existing fixed tissues as well as cellular exudates. . 
Finally, old necrotic lesions become encapsulated, first by monocytes and epithelioid 
cells and later by fibrous tissue. Giant cells occur with appreciable frequency 
only in late lesions. 


In reviewing the detailed pathologic descriptions reported it is necessary 
to bear in mind not only that the necrotizing action and cellular reaction 
are proceeding simultaneously with variable intensity but also that the 
duration of illness before necropsy varies in cases of human beings 
from a few days to many weeks. 

The first reference to the peculiar histologic changes of pleuropul- 
monary tularemia was made by Verbrycke * in 1924, when he described 
multiple areas of caseous necrosis surrounded by a zone of lymphocytes, 
with “bronchopneumonia” in adjacent alveoli and bronchioles and a 
pleural effusion of 100 cc., in a patient dying of tularemia. Bardon 
and Berdez,® in 1928, observed whitish nodules on the pleura and dis- 
tributed throughout the lungs, most densely in the areas of extensive 
bronchopneumonia. Shortly after this, Palmer and Hansmann *° noted 
“several alveoli and an occasional bronchiole filled with purulent 


8. Verbrycke, J. R., Jr.: Tularemia, with Report of a Fatal Case Simulating 
Cholangeitis, with Postmortem Report, J. A. M. A. 82:1577-1581 (May 17) 1924. 
9. Bardon, R., and Berdez, G.: Tularemia: Report of Fatal Case with Post- 
mortem Observations, J. A. M. A. 90:1369-1371 (April 28) 1928. 
10. Palmer, H. D., and Hansmann, G. H.: Tularemia: Report of a Fuiminating 
Case with Necropsy, J. A. M. A. 91:236-239 (July 28) 1928. 
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exudate” in association with areas of marked congestion. In October 
1928 Francis ** first mentioned the frequency of bronchopneumonia as a 
terminal event in cases of tularemia, and Simpson‘? for the first time 
ascribed the physical signs of consolidation in his case to two areas of 
caseous necrosis resulting from tularemia rather than to nonspecific 
bronchopneumonia. Moreover, Bunker and Smith’ first recovered 
B. tularensis from the sputum. Autopsy in this case revealed consolida- 
tion containing a predominance of polymorphonuclear cells. In 1931, 
Massee ** reported a case of confluent pneumonia in which B. tularensis 
was recovered. He asserted that he had demonstrated an organism 
morphologically consistent with B. tularensis in the lung tissue, but 
Lillie and Francis * were unable to confirm this observation. Permar 
and Maclachlan‘* described generalized areas of consolidation of a 
necrotic type which they called tularemic pneumonia, occurring most 
densely along the bronchial branches and interlobular septums. Mono- 
cytic cells predominated in the serous alveolar exudate. They expressed 
the opinion that necrosis had been produced by the extreme interstitial 
edema with monocytic infiltration and subsequent stenosis and throm- 


' bosis of venules and arterioles. Foulger, Glazer and Foshay,™ in 1932, 


reported numerous discrete and confluent caseous areas with necrosis 
and nuclear fragmentation, around many of which there were fibroblastic 
proliferation and a monocytic reaction. B. tularensis was said to have 
been stained in the lung tissue by a special technic. Blackford ** reported 
on the necropsy in a case of tularemia in which there was the clinical 
picture of an abscess of the lung, and he recorded the observation of a 
large cavity with vascular intimal proliferation and vascular thrombosis. 
In 1934, Gundry and Warner ** recorded the occurrence of a confluent 
consolidation with multiple localized foci of necrosis elsewhere. The 
exudat2 in this case was composed of lymphocytes, polymorphonuclear 
neutrophils and red blood cells. The caseation of the septums and 
alveolar contents resembled tuberculous pneumonia. In addition to the 


11. Francis, E.: Symptoms, Diagnosis and Pathology of Tularemia, J. A. M. A. 
91:1155-1161 (Oct. 20) 1928. 

12. Simpson, W. M.: Tularemia: Study of a Rapidly Fatal Case (Four Days, 
Seven Hours), Arch. Path. 6:553-574 (Oct.) 1928. 

13. Bunker, C. W. O., and Smith, E. E.: Tularemia: Report of Four Cases, 
One Fatal, with Autopsy Report, U. S. Nav. M. Bull. 26:901-911 (Oct.) 1928. 

14. Massee, J. C.: Tularemia in Georgia: Report of a Fatal Case, J. M. A. 
Georgia 20:66-67 (Feb.) 1931. 

15. Foulger, M.; Glazer, A. M., and Foshay, L.: Tularemia: Report of a 
Case, with Postmortem Examinations and a Note on the Staining of Bacterium 
Tularense in Tissue Section, J. A. M. A. 98:951-954 (March 19) 1932. 

16. Blackford, S. D.: Pulmonary Lesions in Human Tularemia: Pathologic 
Review and Report of a Fatal Case, Ann. Int. Med. 5:1421-1426 (May) 1932. 

17. Gundry, L. P., and Warner, C. G.: Fatal Tularemia: Review of Autopsied 
Cases with Report of a Fatal Case, Ann. Int. Med. 7:837-852 (June) 1934. 
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reports already cited, detailed descriptions of pleuropulmonary pathologic 
changes in cases of tularemia may be found in the reports of Goodpasture 
and House;** Bryant and Hirsch;** Hartman, Beaver and Green; *° 
Gudger ;* Beck and Merkel; ** Sugden; ** Bernstein; *4 Amoss and 
Sprunt,** and Stofer.** 

It can be seen from the foregoing anatomic descriptions that the 
fundamental lesion in the lung in persons with tularemia is focal necrosis 
either in the substance of the lung or in the pleura. The pneumonia 
appears to be characterized generally by predominance of monocytic 
cells in the exudate, but the exudate may also contain lymphocytes, red 
cells, plasma cells, desquamated epithelial cells and even polymorpho- 
nuclear neutrophils, which may indicate secondary infection of a pyogenic 
nature. Other features which may accompany the pneumonia are swell- 
ing of the epithelium lining the alveoli and congestion of the alveolar 
septums both in pneumonic and in unconsolidated areas. Interstitial 
infiltration is usually absent, but when present is most conspicuous in 
the interlobular septums and in the peribronchial and perivascular tissues. 
Vascular intimal proliferation plus mononuclear infiltration, thrombosis 
and necrosis with massive caseation have been described. The pleural 
lesions are characterized by focal necroses plus exudation. 

The histologic resemblance of the initial focal necrosis in cases of 
tularemia to the early tubercles of tuberculosis has been pointed out by 
Kavanaugh ° and by Blackford ** (figs. 1 through 6). It would not be 


18. Goodpasture, E. W., and House, S. J.: Pathologic Anatomy of Tularemia 
in Man, Am. J. Path. 4:213-226 (May) 1928. 

19. Bryant, A. R., and Hirsch, E. F.: Tularemic Leptomeningitis: Report of 
Case, Arch. Path. 12:917-923 (Dec.) 1931. 

20. Hartman, H. R.; Beaver, D. C., and Green, R. G.: Occurrence of 
Tularemia in Minnesota in 1921: Report of Two Cases, One Fatal with Necropsy 
Report, Minnesota Med. 16:559-566 (Sept.) 1933. 

21. Gudger, J. R.: Tularemic Pneumonia: Report of a Case, J. A. M. A. 
101:1148-1150 (Oct. 7) 1933. 

22. Beck, H. G., and Merkel, W. C.: Tularemia: Fatal Case of Typhoid Type 
Caused by Ingestion of a Rabbit; Autopsy Report, South. M. J. 28:422-428 
(May) 1935. 

23. Sugden, J. W.: Tularemia, Deer Fly Fever: Report of Two Cases, One 
with Endocarditis, and Necropsy Findings, Northwest Med. 34:167-169 (May) 
1935. 

24. Bernstein, A.: Tularemia: Report of Three Fatal Cases with Autopsies, 
Arch. Int. Med. 56:1117-1135 (Dec.) 1935. 

25. Amoss, H. L., and Sprunt, D. H.: Tularemia: Review of Literature of 
Cases Contracted by Ingestion of Rabbit and Report of Additional Cases with a 
Necropsy, J. A. M. A. 106:1078-1080 (March 28) 1936. 

26. Stofer, D. D.: Pericarditis with Effusion Complicating Tularemia, Ann. Int. 
Med. 12:407-412 (Sept.) 1938. 

27. Blackford, S. D.: Similarities of Tularemia to Tuberculosis, Tr. Am. 
Climat. & Clin. A. 53:92-98, 1937. 
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surprising, therefore, to find analogous effects produced in the chest by 
these two diseases. The similarity of the pathologic process of the 
caseous pneumonia associated with tularemia to tuberculous pneumonia 
has been noted by Gundry and Warner,"* and Blackford and Archer ** 
have pointed out a roentgenographic resemblance. The two conditions 
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Fig. 1—Focus of necrosis of tularemia in a lymph node. The lesion shown in 
this figure should be compared with the tubercle of tuberculosis shown in figure 2. 
Figures 1 to 6 are presented by permission of Dr. Frank Foote Jr. 


are particularly likely to be confused clinically when they are accom- 
panied by pleural effusion. As in tuberculosis, exudation into the pleural 
space in cases of tularemia may be a prominent feature. By the peri- 

28. Blackford, S. D., and Archer, V. W.: Roentgen Study of a Non-Fatal 


Case of Bilateral Tularemic Pneumonia Treated with Specific Serum, J. A. M. A. 
109:264-265 (July 24) 1937. 
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bronchial infiltration already mentioned tularemia may cause bronchitis 
with subsequent peribronchial thickening visible on roentgen examina- 
tion. More rarely, pneumothorax complicates tularemia. The exudate 
sometimes found in the lung in the acute stage of tularemic bronchitis 
may plug a bronchus, with resultant clinical atelectasis. 
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Fig. 2.—Tubercle in a lymph node. 











CLINICAL STUDY 


In 1935, Blackford *® and Archer, Blackford and Wissler *° reported 
the clinical and roentgenologic findings in the cases of the first 35 patients 
29. Blackford, S. D.: Pulmonary Manifestations in Human Tularemia: Clinical 
Study Based on Thirty-Five Unselected Cases, J. A. M. A. 104:891-895 (March 
16) 1935. 

30. Archer, V. W.; Blackford, S. D., and Wissler, J. E.: Pulmonary Mani- 
festations in Human Tularemia: A Roentgenologic Study Based on Thirty-Four 
Unselected Cases, J. A. M. A. 104:895-899 (March 16) 1935. 
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with tularemia observed at the University of Virginia Hospital. Since 
this report, 60 additional patients with the disease have been studied. 

In the original publication,” the clinical data on the individual 
infections were tabulated, and table 1 of the present report submits 
similar data on the subsequent 60 patients. In the entire group, males 
outnumbered females approximately 2 to 1 and the ratio of white to 
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Fig. 3.—Focus of necrosis of tularemia in the liver. The area of necrosis 
shown in this figure should be compared with the tubercle shown in figure 4. 


Negro patients was likewise 2:1. All age groups were represented, 
17 patients being less than 12 years old. A variety of occupations were 
listed, but more than half the patients were either farmers or housewives. 
The types of infection were grouped according to Francis’ classification, 
as follows: ulceroglandular, 63 cases; typhoid, 21 cases; glandular, 7 
cases, and oculoglandular, 4 cases. Whereas most of the inoculations 
were accounted for by rabbits, a few apparently resulted from contact 
with ticks, squirrels, opossums, weasels and cats. The periods of incuba- 
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tion seemed to vary from a few hours to two weeks. Ulcers or enlarged 
lymph nodes were the chief complaint of the majority of the patients, 
but the presenting symptoms covered a wide range. The patients were 
first seen from one day to several years after the onset of symptoms. 
The usual reason for obtaining an agglutination test for tularemia was 
the presence of ulcers or adenopathy, but many agglutination tests were 
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Fig. 4.—Tubercle in the liver. 


performed because of a suggestive history of contact, an unexplained 
fever or a chest condition of unknown cause. The diagnosis was con- 
firmed by a positive agglutination reaction in all but 1 instance, in which 
B. tularensis was recovered post mortem. B. tularensis was recovered 
in 7 other cases. The mortality rate for the series was 10.5 per cent, 
and 7 necropsies were done in the 10 fatal cases. 

In the former article,”® the respiratory symptoms, physical signs and 
roentgen findings of the individual patients were also tabulated, and in 
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this presentation table 2 offers the same material for the 60 new patients. 
Of the entire group of 95 patients, 40 had cough, 19 raised sputum, 19 
had pain in the chest and 13 complained of dyspnea. Physical examina- 
tion revealed signs suggesting consolidation in 23 patients; rales were 
recorded as occurring in 21, and signs indicative of pleurisy or pleural 
fluid were thought to be present in 16. One hundred and sixty-nine 














Fig. 5.—Focus of necrosis of tularemia in the lung. The area of necrosis shown 
in this figure should be compared with the tubercle in figure 6. 


roentgenograms of the chest were made in the study of 89 patients. 
Some type of roentgenographic abnormality was recorded as occurring 
in more than 90 per cent of this group. 

A clinical diagnosis of tularemic pneumonia was made on the basis 
of physical signs or roentgen study for 20 of the 95 patients. Pleural 
fluid was removed from 13 patients, of whom 5 also had pneumonia. 
A diagnosis of bronchitis on the basis of symptoms, physical signs and 
roentgen study was justified in 19 instances, but the bronchitis was 
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uncomplicated in only 10 of these. In 1 of the 10 patients clinical 
atelectasis developed. It will be seen, therefore, that for 38 patients a 
clinical diagnosis of pleuropulmonary disease was warranted. 
Pneumonia, hydrothorax and bronchitis will be discussed separately. 
Under each heading the American literature will be reviewed, the cases 
of this series discussed and a few cases of unusual interest presented. 














Fig. 6.—Tubercle in the lung. 


Pneumonia.—Reports of 150 cases of tularemic pneumonia have been 
found in the American literature. In addition to references already 
given, reports of cases have been published by Sante ; ** Tureen ; ** Sloan, 


31. Sante, L. R.: Pulmonary Infection in Tularemia: Case Report, Am. J. 
Roentgenol. 25:241-242 (Feb.) 1931. 

32. Tureen, L. L.: Tularemic Pneumonia, J. A. M. A. 99:1501-1502 (Oct. 29) 
1932. 








$ 

















INTERNAL MEDICINE 





ARCHIVES OF 





58 


Freedburg and Ehrlich; ** Massee ; ** Blumberg and Russell ; ** Boman 
and Bianco,** and Winter, Farrand and Herman.** The three largest 
series are those of Foshay,' Kavanaugh ° and Blackford.** 

The incidence of pneumonia in association with tularemia can be 
estimated only from the larger series. In Foshay’s' 400 cases of 
tularemia the incidence of pneumonia was 18.2 per cent. Kavanaugh ° 
found that 12.7 per cent of his series of 123 patients had pneumonia, and 
the incidence in the present series was 21.5 per cent (table 3). As has 
been indicated, pneumonia occurs with greater relative frequency in 
association with the typhoid type of tularemia. The type of tularemia 
was classified as ulceroglandular in 90 cases, typhoid in 51, oculo- 
glandular in 4 and glandular in 3, and the type was not specified in 2 of 
the 150 cases of tularemic pneumonia found in the literature. Foshay 
discovered pneumonia in 54 of his 351 patients with ulceroglandular 
tularemia and in 17 of his 32 patients with the typhoid type. In the 
present series, 15 of the 21 patients with the typhoid form of the disease 
had pneumonia, and of the 20 with pneumonia 75 per cent had the 
typhoid type of tularemia. 

The symptoms of tularemic pneumonia are not characteristic. The 
onset of such pneumonia is less abrupt than that of pneumococcic pneu- 
monia, and it is often difficult to approximate the time of its onset from 
the symptoms alone. Roentgen evidence of consolidation is first found 
from a few days to two weeks after tularemic inoculation. The physical 
signs of pneumonia are nearly always present within three weeks of the 
onset of tularemic infection, and if they cannot be detected by this time 
it can be assumed that they will not occur later. In the only instance in 
this series in which pneumonia was first noted more than three weeks 
after tularemic infection the patient (case 5 of the series) was admitted 
thirty-two days after the onset of tularemia, and at the time of admission 
he probably had had consolidation for more than ten days, for a large 
abscess of the lung was present. 

All of our patients with pneumonia presented respiratory symptoms 
at some stage of the illness, and cough, which was productive in half of 
the instances, was the most common symptom. Pain in the chest and 


33. Sloan, L. H.; Freedburg, A. S., and Ehrlich, J. C.: Tularemic Pneumonia, 
J. A. M. A. 107:117-119 (July 11) 1936. 

34. Massee, J. C.: Tularemic Studies in Georgia, J. M. A. Georgia 21:7-12 
(Jan.) 1932. 

35. Blumberg, A., and Russell, R. L.: Intrathoracic Changes in Tularemia, 
South. M. J. 27:578-583 (July) 1934. 

36. Boman, P. G., and Bianco, A. J.: Tularemic Pneumonia, Ann. Int. Med. 
7:1491-1495 (June) 1934. 

37. Winter, M. D.; Farrand, B. C., and Herman, H. J.: Tularemia, Pul- 
monic Form: Report of Four Recoveries, J. A. M. A. 109:258-262 (July 24) 
1937. 
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dyspnea occurred frequently. One patient had only pain in the chest, 
without cough or dyspnea. In general, the pulse was slow and the 
leukocyte count low with reference to the fever. In the group with 
pneumonia, with the exception of the patient in case 94, only those 
patients were included who had both physical and roentgen evidence 
of pulmonary consolidation. On physical examination, many of these 
patients had signs of bronchitis elsewhere in the lungs and one fourth 
of them also presented physical signs of pleural fluid. On roentgen 
examination 4 patients had in addition definite evidence of necrosis, 
and all 4 of these died. In 2 instances, in which the presence of necrosis 
of the lungs could not be definitely determined on the basis of roent- 
genograms of the chest, the patients survived. 

The duration of the illness was variable. In 1 instance all roentgen 
evidence of consolidation had disappeared within ten days of its appear- 
ance, but in another consolidation was seen in roentgenograms of the 
chest six weeks after it was first noted and four weeks after the patient 
had been afebrile. In general high fever usually persisted from two to 
four weeks, but recovery of normal strength was ordinarily a matter of 
many months. Recently 1 patient has returned with severe acute 
pleurisy, thirty months after pneumonia. Although a roentgenogram 
of the chest made after discharge from the hospital was normal, the 
patient asserts that he has never recovered his strength sufficiently to 
work, and at present he has roentgen evidence of pleurisy. 

It has been mentioned that 62.5 per cent of patients with tularemia 
who die have pneumonia. On the other hand, tularemic pneumonia is 
not as fatal a disease as one might believe. It is true that the mortality 
rate is considerably higher among those patients having tularemia with 
pneumonia than among those having tularemia without pneumonia, but 
Foshay ' stated the belief that 70 per cent of patients with tularemic 
pneumonia survive, and in this series 65 per cent of the patients with 
pneumonia recovered. Thus the mortality rate in routine cases of 
tularemic pneumonia is probably about 30 per cent. A survey of the 
literature might lead one to expect a higher mortality rate, for most of 
the recorded cases are reported for the necropsy data. Perhaps another 
factor to suggest an extremely high mortality rate is that unless roent- 
genograms of the chest are made routinely, the presence of pneumonia 
is detected only in the patients with tularemia who are most seriously ill. 
Conversely, it is likely that many patients die of tularemic pneumonia 
without the benefit of a diagnosis of tularemia, for the disease may be 
fatal before the reaction to the agglutination test becomes positive. This 
happened in the case of 1 of our patients. Foshay * expressed the belief 
that the pneumonia per se is not the cause of death but that septicemia 
is “the chief cause of death attributable to tularemia alone,” and that the 
higher fatality rate of tularemic pneumonia is attributable to the fact 
that pneumonia is evidence for primary septicemia. 
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Of our 5 cases of pneumonia in which necropsy was done, 2 have 
been reported elsewhere.** Three previously unrecorded cases of fatal 
pneumonia in which necropsy was performed are briefly presented here. 


REPORT OF CASES 


Case 40.—A 43 year old Negro farmer had sharp inspiratory pain in the left 
side of the chest, followed immediately by a severe chill and later by frequent 
drenching night sweats, two weeks before being admitted to the hospital on 
Sept. 6, 1934. Three days before his entrance severe hiccup appeared. No other 
respiratory symptoms were present. 





des tie 


Fig. 7—Central consolidation and fluid at the base of the left lung. 





The temperature on admission was 104.4 F., and examination elicited signs of 
fluid in the left side of the chest. Thoracentesis at the time yielded 500 cc. of a 
greenish yellow fluid, with 456 cells, equally distributed between polymorphonu- 
clear neutrophils and lymphocytes. The blood agglutinated B. tularensis in a 
dilution of 1: 1,280, and the fluid from the chest, removed on September 10, gave 
a positive reaction in the same dilution. B. tularensis was recovered from the 
fluid from the chest by means of guinea pig inoculation. 

Roentgen examination of the chest on September 10 showed an area of central 
consolidation in the left lung and fluid in the base of the left lung (fig. 7). Four 


38. Blackford (footnotes 16 and 29). 
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days later the consolidation in the left lung was less extensive and an additional 
area of consolidation was detected in the right lung. The patient’s condition progres- 
sively became worse, and he died on September 16. 

Necropsy.—The left pleural cavity was practically obliterated anteriorly and 
laterally by recently organized fibrous adhesions. The right pleural cavity was 
entirely obliterated by older fibrous adhesions. An area of consolidation, about 
3 cm. in diameter, was present in the apex of the left lung, with multiple smaller 
consolidated areas throughout the remainder of the upper lobe of the left lung. 
An area of lobular consolidation, about 8 cm. in diameter, was found in the 
upper lobe of the right lung, and many smaller areas were scattered throughout 
the middle and the lower lobe. Microscopically, some areas revealed predominance 
of polymorphonuclear and others of large mononuclear cells. Necrosis was markéd 
in many sections. The similarity to tuberculous pneumonia was pronounced in 
some zones. Focal necroses appeared in the liver and spleen. There was a large 
hemorrhage in the diaphragm. 

Case 84.—A white man aged 31 entered the hospital on July 16, 1939, giving 
a history of generalized abdominal pain, slight headache and sore throat, with 
chilly sensations of twelve days’ duration. He had been feverish and semicomatose 
for five days. There was a history of exposure to ticks, and an agglutination test 
for Rocky Mountain spotted fever had been reported as giving a positive result 
in dilution of 1:20 two days before admission. 

. Examination disclosed a semicomatose young white man with a temperature of 
105 F. and a pulse rate of 120. The neck was slightly stiff and the throat acutely 
inflamed. Slight dulness and suppression of the breath sounds, with a few fine 
rales, were present in the base of the right lung posteriorly. The next day physical 
signs of consolidation were prominent. The roentgenographic report described 
the consolidation as atypical. On July 19 thoracentesis on the right side yielded 
750 cc. of cloudy yellow fluid; the procedure was repeated on the following day, 
with the removal of 400 cc. of similar fluid. The patient’s condition remained 
critical, and he died on July 20. 

The only significant laboratory findings were positive agglutinations for B. 
tularensis with the fluid from the chest in a dilution of 1:320, and with the blood 
in a dilution of 1: 640 on the day of death. 

Necropsy —There was widespread confluent lobular pneumonia of both lungs, 
more marked on the right. The consolidated areas were patchy and showed 
numerous areas of necrosis. The alveoli in the intervening areas were filled with 
an exudate containing fibrin, blood, a few polymorphonuclear neutrophils and many 
round cells, principally mononuclears. In these areas, considerable endothelial 
hyperplasia of the capillaries in the alveolar walls was present, the vessels being 
greatly narrowed. There was a mass of inflammatory necrotic glands surrounding 
the trachea and primary bronchi. The right pleural cavity contained 150 cc. of 
thin cloudy fluid and the left 200 cc. The liver, spleen, adrenal glands and 
mesenteric lymph nodes showed focal necroses. 

Case 95.—A 19 year old white man dressed several rabbits on Nov. 24 and 26, 
1939 and on Nov. 27 had a severe frontal headache and became feverish. Tender 
epitrochlear and axillary lymph nodes appeared two days afterward, and iater a 
mild nonproductive cough. He had had a crusted wound on the middle finger of 
the right hand for the preceding month. 

Significant physical findings on admission, December 1, in addition to the wound 
and lymphadenopathy, included moist rales, bronchovesicular breath sounds and 
increased whispered voice conduction over the base of the left lung. The tempera- 
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ture was 103.4 F. On December 8 consolidation was prominent on the left, and 
on December 10 it was found in the right lung also. The patient’s condition became 
progressively worse, and he died on December 11. Administration of anti- 
tularensis serum and of sulfapyridine did not alter the course of the illness. The 
maximum titer in which positive agglutination for B. tularensis was obtained 
was 1:80, on the ninth day. 

Necropsy.—Both lungs presented many nodular areas distributed throughout the 
substance, which on the cut surface disclosed necrosis. Microscopically these areas 
showed a central area ,of caseous necrosis in which a coagulated structureless 
material was filled with pyknotic nuclear fragments. Surrounding the circum- 
scribed areas were zones of coagulation in which the structure of the lung was 
still discernible, but the alveoli were filled with coagulated exudate bearing many 
cells, among which large and small mononuclears predominated. At the margin 
of the necrotic zone there was a scanty proliferation of epithelioid cells. Elsewhere 
acute ulcerative bronchitis with considerable peribronchial infiltration and small 
areas of lobular pneumonia and multiple areas of atelectasis was noted. The liver 
and spleen showed widespread focal necroses. 


Hydrothorax.—Of the 32 cases collected by Lillie and Francis? in 
which the patient died, pleural exudates were noted in 16 and focal 
nodular lesions were found in the pleura in 1 other. Lewy,*® Weil- 
baecher and Moss * and Stofer ** have reported additional fatal cases 
in which the patient had pleural effusion. Pleural effusions in cases of 
tularemia in which the patient survived have been recorded by Massee,** 
Blumberg and Russell,*> Kavanaugh,® Warring and Cullen *° and Black- 
ford.*” Pleural exudation in cases of tularemia in which death did or 
did not occur has, according to reports in the literature, been found in 
less than 30 cases, exclusive of the 13 in the present series. 

The incidence of hydrothorax in association with tularemia is 
unsettled. Foshay ? made no mention of pleural exudation. Kavanaugh ° 
noted its presence only three times in his series. On the other hand, 
pleural fluid was obtained from 13 of our 95 patients, an incidence of 
13.7 per cent. In 5 of these 13 patients pleural effusion was associated 
with pulmonary consolidation and in 1 with a “round focus”’ simulating 
tuberculosis. In almost all instances the hydrothorax was of clinical 
importance in its own right, and in several cases the presence of the 
pleural fluid gave the first indication of the diagnosis of tularemia. 

According to our experience (table 4) hydrothorax is more likely 
to be encountered in association with the typhoid type of tularemia, 9 of 
the 21 patients with the typhoid type presenting pleural effusion. Of the 
13 patients with pleural effusion 69 per cent had the typhoid type of 
tularemia. 


39. Lewy, R. B.: Pulmonary Tularemia: Report of a Case with Necropsy, 
Illinois M. J. 70:192-193 (Aug.) 1936. 

40. Warring, F. C., Jr., and Cullen, V. F.: Tularemia with Pleural Effusion: 
Case in Which Bacterium Tularense Was Isolated from Pleural Fluid During Life, 
J. A. M. A. 107:1365-1367 (Oct. 24) 1936. 





ORV ¥ OqQUZ UL pepnjouy , 














BlUlgIB[Ny 
‘shup g 
‘PIp ‘a 'O 0 O83'L: T LL 8% OFL'F 6 é+009 él 0 0 0 0 O08 EL 80L ool dvAdT iL 8 
PSR tees en 0 068:T ve 9L are. -*"" Ost't é +§ 0 +T +1 008s SOL O81 dAOT iL «hs 
0 0n0:T ¥6 9 066 610'T 008 6 0 +8 0 +3 00201 COL os 41018} » Is 
ByuieiBiny P : uo;tIP 
‘PIP 'a'D 0 086°: T 9 +6 OOO'st O2OT Osos 9 + + +3 +3 008'6I = 9801 og -U0d YHOU L el 
SAUD 6 quvujumiopeid uoj}Tp 
‘PP do " Ozs:t seydooydudyT 000'L LIOT 000° é +3 +3 0 +3 o0r'sI £01 06 UOd WEN) AL oll 
quvujuopeld qUueMesIB| Ue 
0 OSs‘ T:L sezhooydutAT COG OZOL 916 L 0 0 0 0 ‘— 00t oll aunpuBly oa oo 
snyjoeq 
epsreqny 
Joy eAyVAeN 0 ore dy oH outa ams OuL & 0 0 0 +f 0081 POL 001 4100811 L 6e 
ss 
-UaIBINI “gd =O ale the 16 g OSL £20'1 oee ra +3 +3 0 +Z 000°LT 00 98 aBjnpus] oa 0s 
; uojyp v5 
te etee ences 0 oR'TiT 8 a 4M SOL Ssé9 ' +E +8 +E +8 0002 r0l Oat 409 489) L OP 
sk{up9 [vuols uojtp 
‘PAP aD 0 OS:t AUR -B90Q OF Lot ort or +$ +§ 0 +3 LL 201 06 -U09 4804) L of 
+ papn4s you Asdoyne 48 pingd 0 +3 +1 +§ 0026 90T 001 AIA Lb Pa 
yUeUIaAIB[ Ue 
O86'L:T £6 L oor's Ze"! 00t 9 +1 +1 0 I 0008 101 06 au[npusif) Lae | él 
2% 'a'O Oo et tee 96 + sl de 120"! OO8 G I +S é 006° LT FOL ool IoAod L 4 
- = sb i=} A ° = wn a ecg Bw; Spe st Pp 
er FY 88 SE ER EF oF 83 SF R83 BA . 2 $45 @F 82 1) a <a 
os = a9 Re Sm 5 o=n = se Bs g L = i] = SE uy Bh $3 hm & = = | 
3s & £8 Bu 32 3° EBS fe sh cee fe * z S 9885 fe ‘sg “— 2 8 
— = = = 2 . os 45 4 eo ’ 
. ey BE fs ge ps2 "S %° 25e ge 5 : ss eS Ta as 
Se ee a 78 g y 25 . 
> n io os c 4 & 2 c a 
n : 5 Bs , ° 
— ® oA 
on, pene —e SUR nt . 
PINLA [Viney sulozydurfsg 4107 81] dse7] 
(saspy usajary [) uoin {Ty [DAna,q InusasvM [—'p AAV 
ee ee eee eee - OG reas Lae, . te a oa” 3 ret a, ett a ~ e- er 

















BLACKFORD-CASEY—PLEUROPULMONARY TULAREMIA 65 


Pleural effusion appears to occur somewhat later after tularemic 
inoculation than does pneumonia. Pleural fluid was not detected within 
the first two weeks in this series, and in the majority of cases four weeks 
or more elapsed before its accumulation. In 3 instances fluid was 
removed more than three months after tularemic infection. In general, 
the symptoms encountered were comparable with those found accom- 
panying tuberculous effusions, with the exception of a relatively slow 
pulse rate. High fever was noted only in those patients who had asso- 
ciated pneumonia. Usually the leukocyte count was normal or only 
slightly elevated. 

In this group only those patients were included from whom pleural 
fluid was actually removed. The presence of the fluid was suggested 
by either physical or roentgen signs in severai additional instances. The 
total amount of fluid aspirated varied from 100 to 3,650 cc., but usually 
the thoracenteses were performed for therapeutic as well as diagnostic 
purposes. All the specific gravities were above 1.017, indicating exuda- 
tion rather than transudation. The color was usually vellow, with little 
or no cloudiness. Total cell counts of more than 10,000 per hundred 
cubic millimeters were exceptional. Almost invariably lymphocytes pre- 
dominated over polymorphonuclear neutrophils in the exudate. All the 
fluids tested agglutinated B. tularensis, generally in the same dilutions 
as the bloods of the respective patients. All stains for acid-fast organ- 
isms were negative. In 3 instances inoculation of guinea pigs with the 
fluid withdrawn produced death from tularemia, and in 2 other instances 
death resulted in a few days, presumably from tularemia. Three of the 
13 patients died, but all 3 of these also had tularemic pneumonia, which 
was the probable cause of death. Probably tularemic pleural effusion 
alone is rarely fatal. 

Pneumothorax in association with tularemic pleural effusion appears 
to be a relatively rare complication. Kavanaugh * mentioned 1 case in 
which the patient died of spontaneous pneumothorax on the thirteenth 
day of illness, and Blackford ** previously reported briefly a similar fatal 
case in this series (case 26). The patient in our second case of pneumo- 
thorax survived, and since only 1 other case in which the patient survived 
has been recorded ** in the literature, we present this case in some detail. 


Case 73.—A white man aged 38 complained on admission, Dec. 1, 1938, of sharp 
pain in the left side of the chest, of increasing severity, which radiated to the left 
axilla and was associated with a dry cough and dyspnea, of one day’s duration. 
He gave a history of skinning a squirrel seven weeks previously and of having a 
week later an acute illness, characterized by slight fever, general malaise, sore 
throat, mildly productive cough and pain in the left portion of the chest, which 
was aggravated by respiration. 

Physical examination revealed an acutely ill, dyspneic man, with a temperature 
of 103 F., a pulse rate of 132 and a respiratory rate of 40. Physical findings were 
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typical of hydropneumothorax on the left. Roentgen examination (fig. 8) con- 
firmed these findings and showed a marked inflammatory reaction in both pulmonary 
fields, extending from the apex to the base on the right and infiltrating the central 
portion on the left. Agglutination reactions of the blood serum for B. tularensis 
five to eight days later were positive in a dilution of 1: 1,280. 

Thoracentesis on admission yielded 350 cc. of :straw-colored, slightly cloudy 
fluid, with a total cell count of 13,150, of which 94 per cent were polymorphonuclear 
neutrophils. Stain for acid-fast organisms revealed no tubercle bacilli. A guinea 
pig inoculated with fluid from the chest died on the eighth day, and gram-negative 
bacilli thought to be B. tularensis were found in foci of necrosis in the viscera. 
Subsequent thoracenteses produced 1,350 cc. on one occasion and 350 cc. on another, 
both specimens having cell counts comparable with the first. Fluid removed by 
the second tap gave a negative agglutination reaction for B. tularensis, but that 
taken by the third tap gave a positive reaction in a dilution of 1: 1,280. 














Fig. 8.—Hydropneumothorax on the left side with marked infiammatory reaction 
in both lungs and central infiltration of the left lung: A, anteroposterior, and 
B, lateral, view. 


The temperature remained at practically the same level for eleven days, with 
the pulse correspondingly increased. Partial relief of the patient’s discomfort 
was obtained by thoracentesis. He was discharged from the hospital on December 
15 and instructed to remain in bed at home for two weeks. 

He returned on Jan. 12, 1939, stating that his pain had been minimal until 
two weeks previously, when, on his getting out of bed, it had recurred in its 
former intensity, with progressive dyspnea. He had raised a small amount of 
sputum. Results of physical examination of the chest were practically identical 
with those seen on the first admission. Roentgenograms of the chest showed that 
the left lung was completely collapsed and that hydropneumothorax occupied the 
left thoracic cage. Thirteen hundred cubic centimeters of fluid was aspirated. 
Agglutination tests of the blood and fluid from the chest for B. tularensis were 
repeated, and those of both gave positive reactions in dilutions of 1: 1,280. 

The patient’s condition on subsequent visits to the clinic was improved. On one 
visit 400 cc. of thinly purulent material was removed from the left side of the 
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chest. Four days later fluoroscopic procedure revealed only a small amount of 
fluid, estimated at 100 cc. Results of roentgen examination of this patient’s chest 
in July 1940 were essentially normal. 

Comment.—It seems likely that the pneumothorax in this case 
resulted from a ruptured focal abscess, as described by Kavanaugh.‘ 
However, it is conceivable that fibrosis from tularemia may cause a ball 
valve action, with cyst formation and subsequent rupture. Cystic disease 
of the lung was found in another patient (case 81), but under the 
circumstances it was impossible to say whether the cysts resulted from 
tularemia or antedated its onset. 








Fig. 9—Round focus simulating tuberculosis in the left lung. 


In 1 of the most recent cases in which pleural effusion occurred there 
was such an interesting differential diagnosis between tularemia and 
tuberculosis that we record it here. 


Case 86.—A white married woman aged 35 entered the hospital on Aug. 2, 


1939 with the complaint of loss of weight and headache for several months. One 
week prior to her admission she had fever for several days, together with frequency 
of urination, dysuria and generalized aching. She gave a history of four attacks 
of atrophic arthritis. There was a history of tuberculosis in the family. Physical 
examination and routine laboratory studies contributed no significant information. 

Roentgen examination of the chest on August 4 (fig. 9) showed the left lung 
to contain a round dense area, 1.5 cm. in diameter, surrounding which was a 
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small spotted, soft infiltration. Many discrete areas of calcium deposit were 
present in the right lung. The findings were interpreted as representing the 
so-called round focus of tuberculosis. Tests of a specimen of sputum for acid-fast 
bacilli gave negative results. 

On the day of the roentgen examination, results of agglutination tests of the 
blood serum for B. tularensis were positive in a dilution of 1:20. Four sub- 
sequent agglutination tests gave positive results in a dilution of 1: 1,280. 

Presumptive diagnosis of pulmonary tuberculosis having been made, artificial 
pneumothorax was instituted five days after the patient’s entrance to the hospital, 
and fluoroscopic examination revealed a trace of fluid in the base of the left 
lung. Seven days later the amount of fluid had increased. Studies of the fluid 
on August 18 showed positive agglutination for B. tularensis in a dilution of 
1: 1,280 and no acid-fast bacilli. A guinea pig was inoculated with the fluid and 
died three days afterward. B. tularensis was cultured from the tissues of the 
animal, and microscopic sections revealed lesions consistent with B. tularensis. 

The patient was transferred from the hospital on August 19 to a sanatorium 
for tuberculous patients, where she remained for three months, receiving treat 
ment by artificial pneumothorax. On admission intradermal injection of tuberculin 
gave a 4 plus reaction. She gained weight, and her condition progressively 
improved. 


Comment.—Whether the process was primarily of tularemic or of 
tuberculous origin, or whether the two conditions were coexistent has 
been a matter of considerable dispute. Undoubtedly this patient had an 
active tularemic infection, which was proved by recovery of the organism, 
and we believe that it is unnecessary to assume tuberculous activity to 
account for the findings in the chest. 

Bronchitis —No reference to the occurrence of bronchitis in associa- 
tion with tularemia has been found except for the previous reports *’ 
published about the earlier cases in this series. Of our first 35 patients 
clinical bronchitis, manifested by cough and rales in the chest, was 
detected in 12, and in 7 of these the condition was independent of other 
involvement of the respiratory tract. Among the remaining 60 patients 
in the present series bronchitis was relatively less frequent, there being 
only 7 patients with bronchitis, in 3 of whom the condition was uncom- 
plicated. Thus, of the 95 patients clinical bronchitis was detected in 19. 
The bronchitis was uncomplicated in 10 patients (table 5). On the other 
hand, peribronchial thickening visible roentgenographically was frequent, 
occurring in 51 of the 95 patients. 

Of course it is difficult to prove that the clinical bronchitis and the 
peribronchial thickening noted in these patients resulted from tularemia. 
However, the fact that bronchitis has been observed at necropsy in 
persons with tularemia and that bronchitis was found so frequently in 
this series makes it logical to attribute this condition to the tularemic 
infection. 


41. (a) Blackford.2® (b) Archer, Blackford and Wissler.*° 
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As has been pointed out previously,” the prognosis is not serious 
when bronchitis alone is present, and patients with uncomplicated bron- 
chitis are usually no more seriously ill than those without clinical indica- 
tions of involvement of the respiratory tract. Chronic bronchitis of 
clinical significance may ensue, but it has occurred rarely in the patients 
we have encountered. However, roentgen studies of this series indicate 
that peribronchial thickening may persist for years. 

Massive atelectasis during life has not been mentioned, although 
several autopsy reports record small areas. In the case here presented, 
the atelectasis apparently resulted from excessive bronchial exudate and 
was relieved by bronchoscopic drainage. 














Fig. 10.—Atelectasis of the middle lobe of the right lung and semiconsolidation 
of the upper lobe of the right lung; 4, anteroposterior, and B, lateral, view. 


Case 7.—A white farmer aged 51 was admitted to the hospital on Oct. 10, 1938, 
with a history of generalized malaise and aching, high fever, dry nonproductive 
cough and delirium for the preceding two weeks. Three days before his entrance 
results of agglutination tests of the blood for Bacillus abortus and B. tularensis 
were negative. 

On admission the patient appeared acutely ill. The temperature was 99 F., 
the pulse rate 88 and the respiratory rate 20. The physical findings over the right 
side of the chest suggested pneumonia at the base of the upper lobe and pneu- 
monia or atelectasis of the middle lobe. Results of neurologic examination were 
negative. Agglutination tests of the blood revealed B. tularensis in a dilution 
of 1: 640 on October 14 and in a dilution of 1: 1,280 four days later. Examination 
of the sputum gave negative results. 

The day after entrance the temperature rose to 104.2 F. and remained elevated. 
No cough or sputum was present. Roentgen examination (fig. 10) revealed 
atelectasis of the middle lobe and semiconsolidation of the lower lobe of the right 
lung. On October 12 bronchoscopic examination disclosed considerable straw- 
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colored fluid and a coagulated mass of serum in the bronchus to the lower lobe 
of the right lung, and this mass was aspirated. The bronchus to the middle lobe 
was patent, and more of the straw-colored fluid was aspirated by introduction of 
a curved tube. After bronchoscopy the cough became more productive. The 
temperature progressively declined on the succeeding three days and continued at 
normal levels thereafter. On the patient’s discharge from the hospital, on October 
24, his condition was improved. 


COMMENT 


The pleuropulmonary pathologic process associated with tularemia 
is of interest to the student of the disease, but more important to the 
clinician is the fact that these nodular lesions, which are histologically 
similar to tubercles, may produce during the life of the patient a variety 
of thoracic conditions easily confused with pulmonary tuberculosis. 
Caseous pneumonia, pulmonary cavitation, nonpurulent pleural effusion, 
spontaneous pneumothorax, a lesion resembling a “round focus” of 
tuberculosis and bronchitis have been detected clinically in the present 
series. 

In regions where tularemia is prevalent, the disease should be con- 
sidered when suggested tuberculosis cannot be proved. Agglutination 
tests for tularemia should be made also in all febrile conditions of the 
chest which afe atypical, especially when the pulse rate is slow and 
the leukocyte count low with reference to the fever. 


SUMMARY AND CONCLUSIONS 


The American literature dealing with pleuropulmonary tularemia is 
reviewed. The clinical data in a series of 95 unselected cases of tularemia 
are presented and the pleuropulmonary manifestations occurring in this 
group classified and analyzed. Pneumonia was found in 20 cases, pleural 
effusion in 13 and bronchitis in 19. 

The occurrence of pleuropulmonary changes, especially of pneumonia 
and pleural effusion, is sufficiently frequent to render them significant 
clinical manifestations of the disease. Furthermore, in some localities 
pleuropulmonary tularemia is sufficiently frequent to be considered in the 
differential diagnosis of all thoracic conditions of obscure causation 








CHANGES IN THE CONTENT OF CARBON 
DIOXIDE IN VENOUS BLOOD DURING 
REBREATHING EXPERIMENTS 


COMPARISON OF CHANGE IN PERSONS WITH A NORMAL HEART 
AND IN PATIENTS WITH CARDIAC DISEASE 


HARRi LANDT, M.D. 
AND 
JULIEN E. BENJAMIN, M.D. 


CINCINNATI 


In a previous paper it was shown that persons with a normal heart 
and patients with cardiac disease behaved differently when subjected 
to rebreathing experiments.’ When the oxygen in the system reached 
a concentration ranging between 16 and 13 per cent, the . subject 
began to use less of the gas in the chamber than in the period 
immediately preceding. Subsequently his use of the gas progressively 
increased. The patient with cardiac disease, on the other hand, required 
increasing amounts of gas, varying according to the severity of his 
disability. The various compensatory mechanisms? invoked during 
rebreathing experiments have been considered and evaluated (hyper- 
ventilation, increased lung volume, increased number of circulating red 
cells and increased cardiac output). Of these, cardiac output is con- 
sidered of paramount importance. This mechanism is known to manifest 
itself at an oxygen concentration of approximately 14 per cent in normal 
subjects. This compensation is assumed to occur to a lesser degree in 
those persons whose hearts are incompetent. It is apparent that the 
common denominator of the four compensatory mechanisms is inherent 
in the changes of gases both centrally and peripherally. In the discussion 
of results in the prior communication,’ we were unable to state what 
attending chemical changes occur in the body during rebreathing experi- 
ments. The studies to be reported here have demonstrated some changes 
which do occur in the blood when the cardiorespiratory system is sub- 
jected to anoxemia. 

From the Institute for Medical Research of the Jewish Hospital. 

1. Landt, H., and Benjamin, J.: Respiratory Changes Produced in the Cardiac 
Patient by Rebreathing Experiments as Compared with Those of the Normal 
Individual, Am. Heart J. 15:83-88 (Jan.) 1938. 

2. Wiggers, C. J.: Physiology in Health and Disease, Philadelphia, Lea & 
Febiger, 1934, p. 398. 
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METHOD 


Fourteen persons of comparable ages (20 to 40 years), 7 persons with a normal 
heart and 7 patients with organic cardiac lesions (mitral stenosis, 5; aortic 
insufficiency and mitral stenosis, 2) were subjected to rebreathing experiments 
with a Roth-Benedict metabolator in which air was substituted for oxygen and 
carbon dioxide was filtered out by means of soda lime. Peripheral vascular disease 
was not a factor in these cases. 

Minute samples of air and of venous blood were analyzed for oxygen and 
carbon dioxide content, the Haldane and the Van Slyke-Neil technics being used 
The samples of blood were collected from the left antecubital vein, with local 
anesthesia, with the vessel free from stasis and with an oil seal. Duplicate tests 
were made on all samples of air. Because of the nature and number of blood 
samples taken, it was thought advisable to make duplicate tests at selected intervals, 
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Chart 1—Comparison of changes in the oxygen content of venous blood in 
persons with a normal heart and in patients with cardiac disease. The points were 
obtained by graphic interpolation of data. 


since it was felt that samples standing longer than three hours tended to show 
altered gaseous contents. Repeated checks of technic with duplicate and triplicate 
samples were conducted. Because of the number of samples, the initial samples 
were taken one minute after the experiment had been in progress. 


RESULTS 

Both the persons with a normal heart and those with cardiac disease 
showed a decreasing oxygen content in the venous blood as the rebreath- 
ing experiment progressed. The only apparent significant difference 
noted was in the average initial oxygen levels. From chart 1 it can be 
readily seen that the average initial oxygen content of the venous blood 
of the patients with cardiac disease wis lower than that of the normal 
persons. Striking differences were noted when the carbon dioxide con- 
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tent of the venous blood of patients with cardiac disease was compared 
with that of normal persons, as the anoxemia progressed. Chart 2 shows 
the curves for patients with cardiac disease and for normal subjects, 
with the maximum and minimum initial carbon dioxide content in the 
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Chart 2.—Comparison of changes in the carbon dioxide content in venous blood 
in persons with a normal heart and in patients with cardiac disease. The points 
were obtained by graphic interpolation of data. 


Changes in Volumes Per Cent of Oxygen and Carbon Dioxide in Rebreathing 
Experiments 
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venous blood. The patients with cardiac disease showed a progressive 
decrease in the average carbon dioxide content of the venous blood, as 
noted in chart 2. Normal subjects showed a slight but progressive 
increase in the average carbon dioxide content of the venous blood. 
These values will be better understood if one refers to the table. This 
table compares the 7 persons with cardiac disease and the 7 normal 
subjects with regard to the total variations of oxygen and carbon dioxide 
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content of the venous blood, measured in volumes per cent. From this 
comparison it can readily be seen that the average loss of oxygen from 
the venous blood of the patients with cardiac disease was — 1.9 vol- 
umes per cent and that of the normal subjects was 2.7 volumes 
per cent. The average loss of carbon dioxide from the venous blood of 
the patients with cardiac disease was — 5.0 volumes per cent, and the 
average gain of carbon dioxide in the venous blood of normal subjects 
was + 1.1 volumes per cent. All patients with cardiac disease, it will be 
noted, lost carbon dioxide, the minimum loss being — 2.2 volumes per 
cent and the maximum being —-7.5 volumes per cent. All normal 
persons held or gained carbon dioxide in the venous blood, with the 
exception of 1, who had a loss of — 0.6 volumes per cent. The maximum 
gain of carbon dioxide in the venous blood of a normal person was 
+ 3.6 per cent. 
COMMENT 

Whether the differences in carbon dioxide content noted between 
the normal subject and the patient with cardiac disease are the result 
of changes taking place in the peripheral circulation or in the central 
circulorespiratory unit or in both is a problem for conjecture. 

Of particular interest is patient H. (table 1). This patient with 
cardiac disease had a patent ductus arteriosis of a mechanical magnitude 
severe enough to cause hydraulic failure just six weeks previous to the 
rebreathing experiment. It will be noted that he lost — 1.9 volumes of 
oxygen and — 0.8 volumes per cent of carbon dioxide from his venous 
blood. These values were comparable to those found in the persons 
with a normal heart. 

It is possible that the relatively greater hyperpnea and reiatively 
slower circulation of the patient with cardiac disease allows greater loss 
of carbon dioxide in the lungs, the result being modified by conditions 
at the periphery. 

It can be assumed that the loss of carbon dioxide from the blood of 
the patient with cardiac disease increases the ability of the blood to 
combine with available oxygen in the lungs. 


CONCLUSIONS 
Patients with cardiac disease when subjected to rebreathing experi- 
ments lose carbon dioxide from the blood stream. Persons with a normal 
heart either maintain the carbon dioxide content or gain when subjected 
to like conditions, The loss of carbon dioxide from the blood stream of 
the patient with cardiac disease allows for a relatively greater oxygen- 
carrying power in the blood. 
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DIAGNOSIS OF THE SITE OF ORIGIN OF 
VENTRICULAR EXTRASYSTOLES IN 
HUMAN BEINGS 


MARIANO R. CASTEX, M.D. 


ANTONIO BATTRO, MD. 
AND 
ROBERTO GONZALEZ S., MLD. 
BUENOS AIRES, ARGENTINA 


Kraus and Nicolai (1910),' owing to the results of experiments 
with animals, were led to believe that extrasystoles with positive deflec- 
tion in the right auricle-apex lead were provoked by excitation of a zone 
of the heart base corresponding to the right ventricle (extrasystole type 
B = base) ; that extrasystoles with a negative deflection were due to 
excitations of the apex (extrasystole type A= apex), and that those 
with a configuration in “M’”’ were provoked by excitations of the middle 
portion of the septum (extrasystole type C =central). Kahn (1910),* 
Rothberger and Winterberg (1913),5 Lewis (1916) * and Padilla 
(1924)* have proved that the divers forms of extrasystolic complexes are 
representative not solely of the spot stimulated but also of the ventricle 
that receives the stimulus. According to the results of that research, 
extrasystoles with a negative deflection in lead I start in the left ven- 
tricle, and those with a positive deflection, in the right one, although 
it is possible to observe a lack of uniformity in the final results of these 
experiments, owing to the fact that the excitation of the left ventricle 
and of the zone adjacent to the apex (Rothberger and Winterberg ) 


From the Department of Medicine of the School of the University of 





Buenos Aires. 

1. Kraus, F., and Nicolai, G.: Das Elektrokardiogramm des gesunden und 
kranken Menschen, Leipzig, Veit & Co., 1910. 

2. Kahn, R. H.: Ueber anomale Herzkammerelektrogramme, Zentralbl. f 
Physiol. 24:728, 1910. 

3. Rothberger, C. J., and Winterberg, H.: Studien tiber die Bestimmung des 
Ausgangspunktes ventrikularen Extrasystolen mit Hilfe des Elektrokardiogramms, 
Arch. i. d. ges. Physiol. 154:571, 1913. 

4. Lewis, T.: The Spread of the Excitatory Process in the Vertebrate Heart. 
Phil. Tr. Roy. Soc., London 207:279, 1916. 

5. Padilla, T.: Electrocardiografia, Buenos Aires. E. Spinelli, 1924, p. 418. 
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provokes curves with an inverted deflection as compared with those 
obtained in other zones of the same ventricle. 

Marcu (1936),° Loukomski and Guinodman (1937),' bearing in 
mind the necessity of working with conditions similar to those found in 
spontaneous extrasystoles, proceeded to stimulate the endocardiac sur- 
face of both ventricles in dogs. The results obtained by the authors, 
under the aforementioned conditions, did not differ from those produced 
when the stimulus was made on the pericardiac surface. Abramson, 
Katz, Margolin and Lourie (1937),* working with dogs, cats and mon- 
keys, concluded that it is not possible to localize exactly the starting 
point of the extrasystoles in either ventricle only by the configuration 
of the electrocardiographic record. 

Some research workers, trying to fix the starting point of extra- 
systoles in man have endeavored to provoke extrasystoles in patients 
under special and favorable conditions, as in cases of thoracectomy, with 
electrical or mechanical stimuli. Studies undertaken by Oppenheimer 
and Stewart (1926),® Barker, Macleod and Alexander (1930),'° Marvin 
and Oughterson (1932), Padilla and Cossio '* (direct stimulus by 
puncture of the right ventricle, 1932), Vander Veer (1933) '* and 
Lundy and Bacon (1933) ™ proved that extrasystoles with a negative 


6. Marcu, I.: Experimental Extrasystoles Elicited Through Artificial Stimula- 
tion of the Endocardium of the Dog, Am. Heart J. 12:301, 1936. 

7. Loukomski, P., and Guinodman, E.: Etude expérimentale de l’électrocardio 
gramme dans I’extrasystole ventriculaire, Arch. d. mal. du coeur 30:467, 1937. 

8. Abramson, D. I.; Katz, L. N.; Margolin, S., and Lourie, R.: Variations in 
the Electrocardiographic Form of Experimental Ventricular Ectopic Beats Induced 
in the Monkey and Dog, Am. Heart J. 13:217, 1937. 

9. Oppenheimer, B. S., and Stewart, H. J.: Dependence of the Form of the 
Electro-Cardiogram upon the Site of Mechanical Stimulation of the Human 
Ventricles, J. Clin. Investigation 3:593, 1927. 

10. Barker, P. S.; Macleod, A. G., and Alexander, J.: The Excitatory 
Process Observed in the Exposed Human Heart, Am. Heart J. 5:720, 1930. 

11. Marvin, A. M., and Oughterson, A. W.: The Form of Premature Beats 
Resulting from Direct Stimulation of the Human Ventricles, Am. Heart J. 7: 
471, 1932. 

12. Padilla, T., and Cossio, P.: Caracteristicas electrocardiograficas de la 
extrasistolia ventricular provocada por puncion cardiaca en el hombre, Semana 
méd. 39:1142, 1932. 


13. Vander Veer, J. B.: Premature Beats Produced by the Mechanical Stimu- 
lation of the Exposed Human Heart, Am. Heart J. 8:807, 1933. 

14. Lundy, C. J., and Bacon, C. M.: Premature Left Ventricular Beats from 
Electrical Stimulation of Exposed Human Heart, Arch. Int. Med. 52:30 (July) 
1933. 
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deflection in lead I originated in the left ventricle, and those with a posi- 
tive deflection, in the right one. 

Extrasystoles in lead II and III give concordant (main initial ven- 
tricular deflections in the same direction in all three leads) or discordant 
curves (main deflections not all in the same direction), according to 
the level of the ventricular excitation in relation to the long axis of the 
body (Barker, Macleod and Alexander). Studies undertaken recently 
by Lundy, Treiger and Davison (1939)'* showed a return to the original 
idea, that a positive or negative polarization of extrasystoles in lead I 
depends on the starting point of the extrasystoles in relation to the base 
or apex of the heart. The extrasystoles with a starting point at the base 
have a negative deflection in lead I, and those with a starting point at 
the apex, a positive deflection. 

It is possible to infer from the aforementioned results that until today 
there has been no uniformity of criteria in regard to topographic interpre- 
tation of extrasystoles. 

Owing to the intervention of multiple factors, it is not possible to 
apply the results obtained from experiments in animals to human 
beings. Also, experimental excitation of the pericardiac surface differs 
widely from spontaneous extrasystoles in human beings. For these 
reasons we have undertaken our research on extrasystoles under normal 
conditions. 

We apply the same criterion of investigation to the study of extra- 
systoles as in the ventricular asynchronism in bundle branch blocks 
undertaken by Battro, Braun Menendez and Orias."* 


ASYNCHRONISM OF VENTRICULAR CONTRACTION UNDER NORMAL 
AND UNDER PATHOLOGIC CONDITIONS 


Under normal conditions both ventricles contract synchronously, 
although a slight physiologic asynchronism can exist owing to a pre- 
cedence of contraction of one ventricle over the other. This physiologic 
asynchronism, demonstrated in animals by Katz (1933),'* Eppinger and 
Rothberger (1910) '* and Braun Menendez and Solari (1936),'* can 


15. Lundy, C. J.; Treiger, Y., and Davison, R.: Ventricular Extrasystole 
Induced by Electrical Stimulation of the Exposed Human Heart Rotated Thirty 
Degrees Counterclockwise on Its Vertical Axis, Am. ‘Heart J. 17:85, 1939. 

16. Battro, A.; Braun Menendez, E., and Orias, O.: Asincronismo de la con- 
traccién ventricular en el bloqueo de rama, Rev. argent. de cardiol. 3:325, 1936. 

17. Katz, L. N.: Asynchronism of the Right and Left Ventricular Contraction 
and the Independent Variations in Their Duration, Am. J. Physiol. 72:655, 19235. 

18. Eppinger, H., and Rothberger, C. J.: Ueber die Sukzession der Kontrak- 
tion der beiden Herzkammern, insbesondere nach einseitiger Blockierung der 
Erregungsiiberleitung, Zentralbl. f. Physiol. 24:1055, 1910. 
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also be observed in human beings, but it is usually slight, not going over 
0.03 to 0.04 second. 


Under pathologic conditions (bundle branch blocks) asynchronism 


in ventricular activity is evident not only at the onset of systole but also 
at the end of it or at the beginning of diastole. 

Asynchronism at the onset of systole reveals itself in two ways: (a) 
3y splitting, dividing or lengthening of the first cardiac sound. Two 
groups of oscillations, one belonging to the isometric systolic phase and 
the other to the ejection phase, form the component normal parts of the 


Fig. 1—Ventricular asynchronism in a@ case of extrasystole with a negative 
initial deflection in lead I and a positive initial deflection in lead I11 

A, from above downward: electrocardiogram in lead I, phonocardiogram and 
central arterial pulse simultaneously recorded. Time, 0.04 second. The phono- 
cardiogram during ventricular extrasystole shows a clear splitting of the first 
cardiac sound (1-1'), the final oscillations of which advance more than normally 
over the ascending limb of the arterial pulse. The second sound is also split (2-2'). 

The first component of the split second sound coincides with the incisura of the 
arterial pulse (closure of the aortic valves) ; the second component falls 0.08 second 
after (closure of the pulmonary valves). QC interval =—0.15 second. All these 
signs indicate that the extrasystole originated in the left ventricle. In this par- 
ticular case the normal beats show also an asynchonism in the closure of the 
semilunar valves but in an inverted sense as compared with the asynchronism 
present during the extrasystoles. 

B, electrocardiogram in lead III and central arterial pulse simultaneously 
recorded in the same case. Two extrasystoles with a positive initial deflection in 
lead III are to be seen with the same characteristics as in A. 


19. Braun Menendez, E., and Solari, L. A.: Asincronismo ventricular por 
seccién de las ramas del haz de His, Rev. Soc. argent. de biol. 12:331, 1936; 18: 
33, 1937. 
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Fig. 2.—E-xtrasystole with a negative initial deflection in lead I. 

Electrocardiogram in the four leads simultaneously recorded with phonocardio- 
gram and central arterial pulse. The extrasystole shows splitting of the first 
(asynchronism of onset of systole) and of the second sound (asynchronism of 
onset of diastole). The first component of the split second sound coincides with 
the incisura of the central arterial pulse (closure of the aortic valves) and the 
second component is registered with delay (closure of the pulmonary valves). 
QC interval, 0.14 to 0.16 second. These signs indicate that the extrasystole 


originated in the left ventricle 
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first cardiac sound (Caeiro and Orias [1937] *’ and Orias and Braun 
Menendez | 1938] *'). In consequence of anticipated contraction of one 
ventricle over the other, both component parts remain out of phase and 


therefore produce the splitting or lengthening of the first cardiac sound 





Fig. 3.—Simultaneous tracings with electrocardiogram in lead I, phonocardio- 
gram and central arterial pulse in a case of left bundle branch block and extrasystole 
with a negative deflection in lead I. 

The first electrocardiographic complex shows the basic rhythm of the patient, 
and the phonocardiogram shows a splitting of the second sound, the first component 
of which precedes the incisura of the arterial pulse: left bundle branch block. 

The following complexes show two extrasystoles with a negative deflection 
The second sound is split, but its first component coincides with the incisura of 
the arterial pulse, and the second one is registered 0.07 second afterward: left 
ventricular extrasystole. 
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Fig. 4.—Diagram showing the branch block and the origin of extrasystoli 


(fig. 3). 


(b) By modifications of the OC time, which is the interval between 


the onset of the QRS complex in the electrocardiogram and the onset of 


20. Caeiro, and Orias, O.: El fonocardiograma registrado en los distintos focos 
de auscultacién. Sus caracteres y relaciones en el pulso venoso y el clectrocardio 
grama, Rev. argent. de cardiol. 4:71, 1937. 

21. Orias, O., and Braun Menendez, E.: Los ruidos cardiacos, Buenos Aires, 
EI Ateneo, 1937. 
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the central arterial pulse, which shows the activity of the left ventricle. 
The QC interval in normal conditions has a mean value of 0.12 second. 

Asynchronism at the end of systole or onset of diastole is shown by 
the splitting of the second sound. The ventricle that has been the first to 
contract ends its systolic activity or begins its diastolic period before the 
opposite ventricle. The closing of the aortic and pulmonary semilunar 
valves takes place in consequence asynchronically, one after the other. 

It is possible to determine which valve is the first to close by the rela- 
tion of the two components of the split second sound to the incisura of 
the central arterial pulse or by the oscillations shown on the ascendant 
branch of the “V" wave (both representing the closure of the aortic 


semilunar valves ). 











Fig. 5.—Ventricular asynchronism in a case of extrasystole with an upward 
initial deflection in lead I. 

The first sound of the extrasystole is larger and of longer duration than those 
of the normal beats, but it does not advance over the ascending limb of the arterial 
pulse, as in figures 1 and 2. The second sound is split; its first component precedes 
by 0.08 second the incisura of the arterial pulse, and its second component 
coincides with the incisura. QC interval, 0.20 second. There is in this case of 
extrasystole an asynchronous closure of semilunar valves, the pulmonary valves 
closing before the aortic, indicating right ventricular extrasystole. 


METHOD 


In our work we recorded simultaneously the electrocardiogram (in 
lead I, occasionally in lead III or leads I, II, HI and IV F), phono- 
cardiogram and central arterial or venous pulse. For our electrocardio- 
grams and phonocardiograms we have utilized the all-electric Cambridge 
unit. The mechanical tracings of arterial and venous pulse have been 
undertaken by means of Frank’s capsules with optical methods. The 
tracings were obtained excluding all parallax. 
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According to this method, the first cardiac sound, under normal con- 
ditions, lasts from 0.06 to 0.08 second, and the second cardiac sound 
from 0.04 to 0.08 second. The onset of the second sound coincides with 
the bottom of the incisura of the central arterial pulse or precedes it by 
0.01 to 0.03 second. 











Fig. 6.—E-xtrasystole with an upward initial deflection in lead I. 

Electrocardiogram in four leads, simultaneously with phonocardiogram and 
venous pulse (arterialized venous pulse). The second sound of the extrasystole 
is split, and its first component precedes the notch which in the venous pulse 
represents the closure of aortic semilunar valves. The second component coincides 
with the notch. There is an asynchronous closure of semilunar yalves, the 


pulmonary valves closing before the aortic. The extrasystole arises in the right 


ventricle. 
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RESULTS 
\pplying the aforementioned procedure we have studied 23 cases: 
13 with premature beats with an initial upward deflection and 10 with an 
initial downward deflection in lead I. In nearly all our observations we 


have simultaneously registered either phonocardiogram, central arterial 











Fig. 7—Ventricular asynchronism during extrasystole with a positive initial 
deflection in lead I. 


(The lower record is a continuation of the upper one.) The first extrasystole 
with its split second sound shows clearly an asynchronous closure of the semilunar 
valves with characteristics of the former case (fig. 6). In the second extrasystole 
the second sound shows no splitting but begins 0.07 second before the incisura 
of the arterial pulse, indicating a similar grade of asynchronism. The QC interval 
is 0.20 and 0.22 second in each case. Both extrasystoles originate in the right 
ventricle. 


pulse and electrocardiogram or phonocardiogram, venous pulse and 


electrocardiogram. 
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1. Ventricular Extrasystoles with Downward Deflection in Lead 1. 
in 10 cases we have ascertained a splitting, dividing or lengthening of 
the first cardiac sound, a lengthening of the QC interval and a splitting 
of the second sound. 

A. The length of the first sound exceeds 0.08 second ( normally 0.06 
to 0.08), and the final oscillations climb longer than normal on the 
ascendant branch of the central arterial pulse (figs. 1 and 2). 

B. The QC interval, the time between the onset of the ventricular 
complex of the electrocardiogram and the rising of the central arterial 
pulse, measured in 46 extrasystoles of these 10 cases, had a minimum of 
0.11, a maximum of 0.22 and an average of 0.17 second. 





Fig. 8.—-leniricular extrasystole with positive deflection in lead 1. 

The first systole, which indicates the basic rhythm of the patient, is of the type 
“deep S wave in lead I” and shows an asynchronism, with the closing of the 
aorta (A) before that of the pulmonary artery (P). The asynchronism is inverted 
in the extrasystole, the pulmonary closing preceding that of the aorta. The QC 
interval is 0.20 second: right ventricular extrasystole. 


C. The two components of the split second sound had in these cases 
the following time relations: The first component coincided with the 
bottom of the incisura of the arterial pulse or preceded it by 0.01 to 0.03 
second and coincided also witn the notch of the ascending limb of the “V”’ 
wave of the venous pulse; the second component of the split sound 
followed the first by an interval of 0.06 to 0.08 second. 

When the ventricular extrasystole of downward deflection in lead I 
shows itself in a case of left bundle branch block (fig. 3), the splitting 
of the second sound of the extrasystolic complex in regard to the incisura 
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of the central arterial pulse takes place in an inverted sense to the basic 
contractions. In the left bundle branch block, the first component part 
of the split second sound precedes the incisura of the arterial pulse and 
the second component part coincides with the same. In the extrasystoles, 
the first component part coincides with the incisura and the second 





component part is registered afterward. 


2. Ventricular Extrasystoles with Upward Deflection in Lead I.— 
Of this type we have observed 13 cases. We have proved that a splitting 
or lengthening of the first sound takes place. The splitting or lengthen- 
ing is not as clear as in the preceding cases, but it has a peculiarity in 
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Fig. 9—Left bundle branch block and extrasystole with positive deflection in 
lead I, 


A, electrocardiogram in four leads. #8, simultaneous electrocardiogram, phono- 
: cardiogram and venous pulse of the same patient. The asynchronism at the end of 
Bs systole (splitting of the second sound) is in the same direction in block contraction 
as during extrasystole but is more evident in the latter. The first component part 
precedes the oscillations of the ascending branch of the “V” wave in the phlebogram : 
right ventricular extrasystole. 





that the oscillations of the first part do not climb so much as normal 
i on the ascending branch of the central arterial pulse. 
The QC interval, measured in 77 extrasystoles of the 13 cases, gave 
a minimum of 0.16, a maximum of 0.28 and an average of 0.22 second. 
The second sound showed a splitting also, but with the peculiarity 
that the first component part preceded the incisura of the central arterial 
pulse and the oscillations of the ascending branch of the “V” wave of the 
venous pulse by 0.06 to 0.12 second. The second component part coin- 











CASTEX ET AL—VENTRICULAR EXTRASYSTOLI 87 


cided with the incisura and with the oscillations of the ascending branch 
of the venous pulse (figs. 5, 6, 7 and 8). 

When extrasystoles with an upward deflection in lead 1 appear in a 
case of left bundle branch block, as in figure 9, the splitting of the second 
sound is in the same relation to the arterial or venous pulse as in the 
block. 

When in the same tracings ventricular extrasystoles take place with 
an upward or downward deflection in lead I, the splitting of the second 


Left bundle branc 


se 


Right premature 
beat 








Fig. 10.—Diagram showing the branch block and the origin of extrasystole 
(same case as that shown in figure 3). 











Fig. 11.—E-xtrasystoles with negative and positive initicl deflection in iead I. 

A, normal beat. B and C, extrasystoles. The second sound is split in both 
extrasystoles. In the extrasystole with negative initial deflection the first com- 
ponent of the split second sound coincides with the incisura of arterial pulse; in 
the extrasystole with positive initial deflection the first component of the split 
second sound precedes the incisura. The first extrasystole originates in the left 
ventricle, the second in the right ventricle. 


sound, in relation to the central arterial pulse, shows the characteristics 
we have assigned it but in an inverted sense in one or another extra- 
systole (fig. 9). 
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COMMENT 

When extrasystole occurs with a negative deflection in lead I, we 
have been able to prove (1) splitting, lengthening or dividing of the first 
cardiac sound, with the final oscillation covering over the ascending 
branch of the central arterial pulse; (2) lengthening of the QC interval 
(0.17 second, average), and (3) splitting of the second cardiac sound, 
of which the first component part coincides with the incisura of the 
central arterial pulse and with the oscillations of the ascending branch 
of the “V” wave of the venous pulse, and the second component part is 
registered 0.06 to 0.08 second after the onset of the first. 

When extrasystole occurs with a positive deflection in lead I, we have 
also determined (1) splitting, lengthening or dividing of the first sound ; 
(2) lengthening of the QC interval (0.22 second, therefore more than 
formerly), and (3) splitting of the second sound, with the first com- 
ponent part preceding in 0.06 to 0.12 second the incisura of the central 
arterial pulse and the second component part coinciding with the incisura 
of the central arterial pulse. 

All these manifestations show, in our opinion, the ventricular asyn- 
chronism which takes place during extrasystoles of the ventricles. Fun- 
damentally the extrasystoles are a consequence of a premature excitation 
taking place in the subendocardiac surface, among the fibers (Purkinje) 
of the conductive system. The stimulating wave that produces a pre- 
mature contraction of a ventricle is transmitted by the muscle wall to the 
opposite one. Owing to the delay with which this wave is transmitted 
by the cardiac muscle, the other ventricle receives the stimulus in a 
deferred manner, and therefore the manifestation of its contractile 
activity shows delay in relation to that of the ventricle first activated. 
Our results prove logically this ventricular asynchronism, which makes 
itself evident not only at the onset of systole but also at the end of systole 
or the onset of diastole. 

The splitting, lengthening or dividing of the first cardiac sound is the 
manifestation of the asynchronism that takes place at the beginning of 
systole, and the splitting of the second cardiac sound is the result of the 
asynchronism at the end of systole, in accordance with the reasons 
we have given when treating asynchronism associated with pathologic 
conditions. 

When extrasystole occurs with a negative deflection in lead I, we have 
observed that the final oscillation of the first sound is longer than normal 
and covers over the ascending branch of the arterial pulse, a phenomenon 
that does not occur with extrasystoles of a positive deflection, in which 
the final oscillation of the first sound coincides with the onset of the 


pulse. 
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Our interpretation of these facts is that when extrasystole occurs 
with a negative deflection in lead I, the first oscillation of the first sound 
originates in the left ventricle and the final oscillation, prolonging itself 
over the ascending branch of the arterial pulse, originates in the right 
ventricle. 

We deduce that there is an asynchronism of the onset of systole, due 
to anticipation of the activity of the left ventricle over that of the right one. 

When extrasystole occurs with a positive deflection, the initial oscil- 
lation of the first sound corresponds to the contraction of the right 
ventricle, and the final oscillation, which coincides with the beginning of 
the rising of the arterial pulse, corresponds to the contraction of the left 
ventricle. The right ventricle precedes the left one in contraction. 

In regard to the splitting of the second sound, we have proved that 
when extrasystole occurs with a negative deflection in lead I, the first 
component part of the split second sound coincides with the incisura of 
the central arterial pulse and, therefore, corresponds with the closing 


Interval Between the Onset of QRS and the Onset of the 
Arterial Pulse (QC Interval) 





Number of Time, Seconds 
Numberof Extra- — ~ - 
Cases systoles Minimum Maximum Average 

Normal GOMtTactions ........6..sescccsvees 76 5 0.08 0.16 0.12 
Extrasystoles with negative deflection in 

DiS nhetidecncirdaucatneekisec’ oss 10 46 0.11 0.22 0.17 
Extrasystoles with positive deflection in 

SUN Uva SN cw Sauce ctaveds apdoacsetveges 13 7 0.16 0.28 0.22 





of the aortic valves. The second component part, which: is registered 
with delay, is the result of the closing of the pulmonary valve. This fact 
shows that the closing of aortic semilunar valves precedes that of the 
pulmonary semilunar valves. 

When extrasystole occurs with a positive deflection in lead I, the 
contrary takes place, which means that the closing of the pulmonary 
semilunar valves precedes that of the aortic ones. 

The ventricle the semilunar valves of which close first must be 
logically the one that has contracted first and therefore has been the one 
to receive the excitation first. When extrasystole occurs with a negative 
deflection in lead I, the left ventricle anticipates its contraction over the 
right one, in opposition to what happens when extrasystole occurs with 
a positive deflection in lead I. 

Finally, the QC interval (usually lengthened during ventricular 
extrasystole, owing to the slowness of the propagation of the pulse wave 
of extrasystolic contraction) is more prolonged during an extrasystole 
with a positive deflection in lead I than during one with a negative deflec- 
tion in lead I (table). In our opinion, this fact is logically a consequence 











90 ARCHIVES OF INTERNAL MEDICINE 


of ventricular asynchronism at the onset of contraction. The QC time 
should be longer when the left ventricle receives its excitation wave with 
delay, and therefore its contractile activity is also deferred, as the wave 
of the arterial pulse represents the activity of the left ventricle. This fact 
we proved during extrasystole with a positive deflection in lead I, when 
the QC time is longer than during extrasystole with a negative deflection. 
This means that the left ventricle contracts after the right one. 

If extrasystole appears in a case of bundle branch block, the 
ventricular asynchronism is inverted when the extrasystole starts in the 
ventricle of which the branch is blocked but not when the extrasystole 
starts in the other ventricle. We therefore deduce that in case of a 
left bundle branch block (figs. 5 and 11) in which the right ventricle 
precedes the left one in its activity, the extrasystoles of a negative 
deflection show the precedence of the left ventricle, and those of a posi- 
tive deflection, the precedence of the right ventricle. This fact tends 
to confirm our aforementioned interpretation of the origin of extrasystoles 
according to deflection in lead I. 


SUMMARY AND CONCLUSIONS 


Electrocardiograms and phonocardiograms registered simultaneously 
with tracings of central arterial or venous pulse allow us to prove asyn- 
chronism of ventricular contraction and also to determine which of the 
ventricles contracts first. 

In this manner we have studied 23 cases of spontaneous extrasystoles 
in human beings (10 showing negative deflection and 13, positive deflec- 
tion in lead 1), and we have been able to determine to which ventricle 
corresponds the priority in contraction. 

When extrasystole occurs with a negative deflection in lead I the 
data obtained show that the left ventricle contracts before the right one. 

When extrasystole occurs with a positive deflection in lead I, the 
manifestations of asynchronism show priority of contraction in the right 
ventricle over that in the left one. 

By the facts stated, we consider ourselves justified in concluding that 
premature beats with negative deflections in lead I originate in the left 
ventricle and those with positive deflections in lead I, in the right 
ventricle. 
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During the summer of 1937 there came under observation at the 
New York City Hospital, Welfare Island, a case of intractable cardiac 
dysfunction. Certain features presented by the patient suggested the 
presence of a malignant tumor of the heart. We were able to confirm 
the diagnosis later by autopsy. Search of the records in the pathologic 
laboratory revealed 3 other cases of cardiac disease due to neoplasm 
These 4 cases form the basis of this report. 


REPORT OF CASES 

Case 1.—Lymphosarcoma of upper retroperitoneal and mediastinal lymph nodes, 
with metastases to heart, pleura, lungs, diaphragm, pancreas, thyroid and kidneys 

A white married woman aged 17, seven months pregnant, was admitted to the 
obstetric division, service of Dr. K. Johnson, on May 11, 1937. The family history 
was essentially irrelevant. She had been born with forceps delivery and breast 
fed for three or four months. Until the age of 5 years she was always well, but 
during the next two years, when in contact with other children, she contracted 
whooping cough, measles, German measles and scarlet fever. Since that time 
she had mild chest colds every fall and sore throat once or twice every winter. 
When she was 15 years of age there occurred a severe attack of dyspnea and 
“lump in the throat”; the cause of this condition could not be determined from 
available data. In the summer of 1936, one year before admission, however, she was 
able to carry on strenuous athletics, frequently swimming across the East river. 

During the first few months of pregnancy there was the usual morning sick- 
ness. Since March there had been vomiting, dizziness, fainting and edema of the 
legs. 

Examination.—The patient was a nervous young woman, in the seventh month 
of pregnancy. She was orthopneic and cyanotic, in a state of evident cardiac failure 
The vessels of the neck pulsated. The heart was enlarged to the anterior axillary 


From the Pathological Laboratory, Second Medical Division, service of 
Dr. W. L. Whittemore, and the Obstetrical Division, service of Dr. K. Johnson, 
New York City Hospital, Welfare Island, Department of Hospitals. 
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line. The apical sounds were muffled and of poor quality, and the rate was 140. The 
blood pressure was 125 systolic and 65 diastolic. A to and fro murmur was present 
over the precordium. Fluid at the base of the right lung extended to the scapular 
angle. The feet and finger nails were slightly cyanotic. The liver, enlarged to the 
umbilicus, was tender and did not pulsate. A blood count revealed a hemoglobin 
value of 68 per cent, 3,450,000 erythrocytes and a normal number of white cells. 
The Wassermann reaction of the blood was negative. The urine contained albumin, 
1 plus, and sugar, 1 plus. The temperature was normal. There was no evidence of 
venereal infection. 

Course—For the next four days the patient remained acutely ill, dyspneic 
and cyanotic. The pulse rate was rapid, 120 to 140, and there was a gallop rhythm. 
She had low blood pressure, 100 systolic and 60 diastolic. When oxygen and 
digitalis were administered there was considerable improvement. The pulse became 
stronger, the rate dropping to 108. The heart sounds improved in quality. The liver 
remained large and tender. The edema of the legs disappeared. On May 21, ten 
days after admission, she was much better. Dyspnea and cyanosis were diminished, 
and the gallop rhythm and rales had disappeared. The pulse rate remained rapid, 
and the heart sounds, although somewhat better, were not of good quality. 

On May 27 labor began. A few drops of ether, given by the open drop method, 
caused such intense cyanosis that the administration of the drug was discontinued 
and the patient was allowed to deliver the child spontaneously. The total time of 
labor was five and a half hours. At the end of labor her condition was only fair. 
The pulse had a rate of 140 and was regular and without deficit. The following 
morning cyanosis was intense, orthopnea had increased but pulmonary rales were 
absent. The liver was still enlarged to the umbilicus. There was slight edema of 
the ankles. The patient was transferred to the Second Medical Division. 

The course until her death, on July 4, was characterized by intense dyspnea, 
cyanosis, unrelieved by any procedure, marked tachycardia and rapid accumulation 
cf fluid in the chest and pericardium. It was noteworthy that at no time after 
delivery was there any improvement in the cardiac status and that there were 
progressive emaciation and cachexia. The liver remained large and tender. Edema 
of the ankles and sacrum was noted but was never marked. Cardiac pain occurred 
only once. On June 3 the left arm was swollen and soon became cold, blue and 
hypersensitive. The axillary, subclavian and superficial veins of the neck were 
palpable and cordlike. This swelling slowly subsided but never completely 
disappeared. 

Frequent taps of pleural and pericardial sacs were done, sometimes producing 
marked relief. There were five taps of the right portion of the chest, one 
of the left and six of the pericardium. The right part of the chest yielded as much 
as 1 liter of fluid; the first removed was yellow-green, and that removed aiter the 
following taps was serosanguineous. The pericardial fluid was always bloody 
and usually the quantity was between 400 and 800 cc. Examinations for bacteria 
and malignant cells gave consistently negative results. 

The blood pressure remained low and fairly constant, the systolic and diastolic 
being 110 and 70, 95 and 80, 130 and 80, and 110 and 60 mm. of mercury respectively 

Up to the time of delivery the temperature remained normal, with a range of 
97 to 99 F. On the three subsequent days it reached 100 F., remaining at that 
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level until the ninth day; then it rose rapidly to 102 and 103 F., fell to normal for 
one day and then fluctuated for ten days from 99 to 103 F. The last two weeks 
it varied from 98 to 101 F. The pulse always showed tachycardia, the rate ranging 
from 100 to 150. The rate of respirations was from 36 to 50. 

The value for hemoglobin remained practically constant, being 68 or 64 per cent. 
The urine always had a trace of albumin, a few clumps of pus cells, red blood 
cells and sometimes sugar. 














Fig. 1 (case 1).—Metastatic lymphosarcoma diffusely involving the base of the 
heart and the auricles and extending down to the apex. 


The results of electrocardiographic studies were as follows: On May 18 there 
was normal sinus rhythm. The auriculoventricular conduction time was normal ; 
the rate was 115. The P waves in lead III were inverted, and there was right 
deviation of the electrical axis. On May 24 the sinus rhythm and the auriculo- 
ventricular conduction time were again normal. There was simple tachycardia. 

All T waves were abnormal, and there was right axis deviation. On June 1 there 
was normal sinus rhythm. The rate was 136. The T waves in lead I showed low 
voltage. The T waves were diphasic in leads II and III. On June 4 the sinus 


rhythm was again normal and the rate again 136. There was normal auriculoven- 
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tricular conduction time. The T waves in lead I were flattened and those in leads 
II and III, inverted. The QRS complete was slurred, and there was low voltage in 
all leads. The most prominent features revealed by roentgenologic studies were the 
tremendous enlargement of the cardiac shadow, which persisted in all examinations, 
the widened mediastinum and the widened pulmonary vessels. The contour at first 
suggested rheumatic heart disease but was not characteristic. Later it was similar 


to that of pericardial effusion. 





Fig. 2 (case 1).—Section through the auricles showing replacement by lympho- 
sarcomatous tissue and marked degenerative myocardial changes. 


Necropsy.—Postmortem examination was performed five hours after death. 
The heart weighed 650 Gm. (fig. 1). The pericardial sac was distended by more 
than 1 liter of serosanguineous fluid. The pericardium was studded with whitish 
nodules. Large white masses of tumor tissue had practically destroyed the myo- 
cardium. The auricles and the interauricular wall appeared completely replaced, 
and in the ventricles were large masses, the only easily identifiable muscle being at 
the apex and in the subendocardial layers of the ventricles. Tumor tissue projected 
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into the coronary sinus, but the endothelium was preserved and thrombosis was 
absent. All the large veins were compressed. The superior vena cava and its 
tributaries were occluded by nonmalignant thrombus 


The histologic examination showed lymphosarcoma (fig. 2) 


Case 2.—Carcinoma of left kidney; carcinomatous thrombosis of left renal vein; 
metastases to retroperitoneal, thoracic and lowcr cervical lymph nodes, heart and 


right femur. 





Fig. 3 (case 2).—Anaplastic carcinoma arising from a primary carcinoma of 


the kidney. 


A white man aged 74 was admitted to the First Medical Division, service of 
Dr. D. S. Likely, on Nov. 15, 1937. The history was difficult to obtain because 
the patient spoke little English. For two or three mdnths he had noticed a some- 
what painful mass on the right leg and for about one month had had precordial 
pain and an unproductive cough. 

Examination—The patient appeared chronicaily ill but was cooperative and 
cheerful. Cervical, left axillary and inguinal nodes were enlarged and nontender. 
A hard, immovable, slightly tender mass, about the size of an apple, was present 
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above the mesial condyle of the right femur. The heart was not enlarged. The 
sounds were of poor quality. The rhythm was regular. The pulse rate was 90 
and the blood pressure 80 systolic and 50 diastolic. A mass deep in the left upper 
quadrant could be felt but not definitely outlined. 

Course.—On the following morning the blood pressure had risen to 140 systolic 
and 70 diastolic and 115 systolic and 65 diastolic. The abdomen was held some- 
what rigidly, but the mass could be palpated, the lower pole being felt at the level of 
the umbilicus. The blood count was as follows: hemoglobin 62 per cent, red 
blood cells 4,110,000 and white cells 15,950. The urine gave a 2 plus reaction for 
sugar and contained a few red and white blood cells. The nonprotein nitrogen value 
of the blood was 129 mg., and the sugar content 121 mg., per hundred cubic centi- 
meters. On the afternoon of November 18, three days after the patient’s admission, 
the left foot and then the fingers became cyanotic. He rapidly became weaker, 
and death occurred in thirty minutes. The temperature was 98 to 99 F., and the 
pulse rate was always rapid, from 90 to 110. 

Necropsy.—Postmortem examination was performed twenty hours after death. 
The heart weighed 450 Gm. There were numerous tumor nodules in the interven- 
tricular wall, the left ventricle and the apex of the right ventricle. The largest and 
most numerous were in the interventricular wall. The proximal portion of the 
anterior descending artery had marked sclerosis without narrowing; the other 
arteries were moderately atheromatous. 

Histologic examination showed metastatic carcinoma (fig. 3). 


Case 3.—Carcinoma of left main bronchus; lymphatic permeation of lungs; 
metastases to tracheobronchial and upper abdominal lymph nodes, pericardium, 
liver, kidneys, adrenal glands and ribs; carcinomatous emboli of myocardial branches 
of coronary arteries, with acute miliary infarctions of heart. 

The patient, an acutely ill, emaciated white woman was admitted to the First 
Medical Division, service of Dr. W. I. Reardon, on Oct. 13, 1938. She complained 
of racking cough, pain in the left portion of the chest, knees and back, expectora- 
tion of large amounts of thick white sputum, night sweats and loss of weight, all 
the symptoms being of five weeks’ duration. There were other symptoms of less 
prominence: breathlessness on walking up one flight of stairs, anorexia, constipa- 
tion and frequency of urination associated with burning. 

The family history as well as the previous personal history was entirely normal. 
The pains in the knees and back were severe enough to prevent moving about or 
walking freely. The loss in weight was 15 pounds (6.8 Kg.). 

Examination—The pertinent physical findings were as follows: There was 
diminished expansion of both sides of the chest. The supraclavicular and infra- 
clavicular spaces of both sides were depressed. There were dulness of the left 
portion of the chest anteriorly and diminished resonance of both upper portions 
posteriorly. Diffuse rhonchi were observed bilaterally. Dyspnea was present. 
There was fever, the temperature being 102.2 F. Marked tachycardia (pulse rate, 
114) was observed, but there were no thrills or murmurs and no pulse deficit. The 
knees were painful, but no physical changes could be demonstrated. The spine was 
not tender on palpation. 

The Wassermann reaction of the blood was negative. The urine had a specific 
gravity of 1.025 and contained albumin (1 plus), occasional granular casts and 
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a few white blood cells. Examination of the blood revealed a hemoglobin content 
of 10 Gm. per hundred cubic centimeters, red cells 4,800,000 and white cells 24,000. 
Tests of the sputum for tubercle bacilli gave negative results. 

Roentgen examination showed the entire left pulmonary field to be obscured by a 
diffuse shadow. The heart and mediastinum were pulled to the same side, and the 
left main bronchus was obstructed or kinked. 

Bronchoscopy was periormed on October 20. Although not in good general 
condition, the patient stood the procedure well. The carina was thick and edematous. 





Fig. 4 (case 3).—Carcinomatous emboli of the myocardial branches of the 
coronary arteries. The original tumor was a bronchogenic carcinoma of the lung. 


The entire left main bronchus was inflamed, swollen and ulcerated, and the 
mucosa bled easily. There was marked stenosis but no obstructing mass. Neither 
excess secretion nor odor was observed. Biopsy showed squamous cell carcinoma. 

Course.—From the time of her admission, the condition of the patient, although 
poor, changed but little. Incontinence of urine and feces and severe sweats were 
present occasionally. The material expectorated was only moderately abundant and 
was blood streaked only after bronchoscopy. On the evening of October 23, 
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five days aiter admission, she suddenly became much worse. The respirations 
became labored and the pulse faint and rapid; perspiration about the head and face 
became severe. The course was rapidly progressive, and death ensued within 
twenty-four hours. 

Throughout the entire period of hospitalization, the temperature fluctuated 
between 100 and 102 F. The pulse rate was consistently rapid (100 to 130), the 
last twenty-four hours the beat being too rapid and weak to count accurately. 
The respiratory rate was 32 to 48. 





Fig. 5 (case 4).—Carcinomatous metastasis of the heart from a primary par- 
enchymal tumor of the tail of the pancreas. 


Therapy consisted of supportive measures and the administration of oxygen. 


Necropsy.—Postmortem examination was performed fourteen hours after death. 
The heart weighed 175 Gm. The left lateral surface of the parietal pericardium 
was studded with small tumor nodules. The myocardium was soft, flabby, of poor 
color and somewhat mottled. There was no gross evidence of metastasis. His- 
tologically the left ventricle was studded with acute miliary infarctions. Many of 
the myocardial branches of the coronary arteries had carcinomatous emboli (fig. 4). 
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Case 4.—Carcinoma of tail of pancreas arising from pancreatic parenchyma 
metastases to retroperitoneal lymph nodes, lungs ana heart. 

A white man aged 60, well developed and with evident loss of weight, was 
admitted to the Second Medical Division, service of Dr. O. S. Wightman, on Oct. 
31, 1928. The chief complaints, which dated back about three months, were 
attacks of fainting, a loss of weight of 45 to 50 pounds (20.4 to 22.7 Kg.), 
increasing weakness and some precordial pain and discomfort, particularly on walk- 
ing. He had been at another hospital for one week before entering the City 
Hospital. Except for some dulness over the left lower portion of the chest, the 
findings were essentially negative. 

Examination.—The heart sounds were weak and of poor quality. The pupils 
were irregular and reacted sluggishly. There was slight edema of the ankles. 
There were no other findings of note. 

Course—The most prominent features were extreme weakness; low grade 
fever, the temperature ranging from 98 to 101 F.; low blood pressure, 80 systolic 
and 60 diastolic; tachycardia, and poor quality of the heart sounds. The pulmonary 
signs varied from time to time. Electrocardiographic examination on November 9 
showed normal sinus rhythm, simple tachycardia, a rate of 128, low voltage of 
all complexes and no axis deviation. The Wassermann reaction of the blood was 
negative. The urine showed a few pus cells. The blood contained 35 mg. of non- 
protein nitrogen and 100 mg. of sugar. Toward the end the pulse became weaker 
and irregular, with dropped beats. Death occurred on November 2. 

Necropsy—Postmortem examination was performed twenty-eight hours after 
death. The heart weighed 350 Gm. There were two large metastatic nodules in the 
left ventricle and in the interventricular wall. The histologic picture was that of 
anaplastic carcinoma (fig. 5). 

The pancreatic tumor originated in the parenchyma. Islets were preserved 
within the tumor, and in some there was local invasion of the capillary bed. 


REVIEW OF THE LITERATURE 


The literature on tumors of the heart and pericardium causing cardiac 
dysfunction is surprisingly extensive. Perlstein,’ in 1918, collected 
31 cases of primary sarcoma and reported 1 of his own. Mandelstamm,? 
in 1923, found 1 case not cited by Perlstein and 6 cases of benign tumors. 
Clerici,* in 1927, added 23 other cases from the literature previous to 
1918. Ludwig * added 8 more in 1933. Since 1918 more than 100 cases 
have been reported and are briefly summarized in the tables. The 
Quarterly Cumulative Index Medicus lists a few more in the less easily 
available foreign journals. Probably many other cases have been 
observed and never reported. 





1. Perlstein, I.: Primary Sarcomas of the Heart, Am. J. M. Sc. 156:214, 1918. 

2. Mandelstamm, M.: Primary Neoplasms of the Heart, Virchows Arch. f. 
path. Anat. 245:43, 1923. 

3. Clerici, C.: Tumors of the Heart, Tumori 13:90, 1927. 

4. Ludwig, H.: Functional Stenosis of the Mitral Valve by Tumor of the 
Left Auricle, Ztschr. f. klin. Med. 123:587, 1933. 
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LISA ET AL-—TUMORS OF HEART 


COMMENT 


It is admittedly difficult correctly to diagnose neoplasms of the heart, 
chiefly because no single person observes many cases and also because 
the presence of such lesions is seldom considered a possibility. The onset 
of cardiac dysfunction when a malignant tumor in some other organ has 
been recognized or intractable cardiac dysfunction of obscure cause is 
present should make one suspect the presence of tumor. Roesler, in 
1924, made the first correct clinical diagnosis. Fishberg was the first 
to report it in the American literature, in 1930. Since then there have 
been several other correct clinical diagnoses.* Roesler’s case was one 
of a metastatic tumor. To Popp *® (1932) is due the credit for the first 
correct diagnosis of a primary tumor, and in this country to Barnes, 
Beaver and Snell.*4 

The syndromes observed have simulated those due to most of the 
recognized causes of heart disease. The signs and symptoms seem 
caused more by the location than by the character of the neoplasm. The 
malignant tumors, however, modify the manifestations. The following 
outline of manifestations is merely suggestive, since bizarre combinations 
appear more frequently than the clearcut pictures. 


. Intractable myocardial insufficiency 

. Serosanguineous pericardial effusion 

. Valvular diseases, usually mitral stenosis 

. Coronary disease, angina or its equivalents 

. Stokes-Adams syndrome 

. Arrhythmias 

. Venous thrombosis 

. Sudden death with or without preceding symptoms 


1 
2. 
3 
4 
5 
6 
7 
8. 
9 


. Banal symptoms 


5. (a) Willius, F. A., and Amberg, S.: Two Cases of Secondary Tumors 
of the Heart in Children, M. Clin. North America 13:1307, 1930. (b) Popp, L.: 
Tumors of the Heart, Fortschr. a. d. Geb. d. Réntgenstrahlen 46:23, 1932. (c) 
Heninger, B. R.: Clinical Aspects of Pericardial Metastases, Ann. Int. Med. 
7:1359, 1934. (d) Barnes, A. R.; Beaver, D. C., and Snell, A. M.: Primary 
Sarcoma of Heart: Case with Electrocardiographic and Pathological Studies, 
Am. Heart J. 9:480, 1934. (¢) Shelburne, S. A.: The Diagnosis of Tumors of 
the Heart and Pericardium, Texas State J. Med. 31:433, 1935; Primary Tumors 
of the Heart with Special Reference to Certain Features Which Led to Logical 
and Correct Diagnosis Before Death, Ann. Int. Med. 9:340, 1935. (f) Doane, J. C., 
and Solis-Cohen, L.: Symmetrical Adrenal Neuroblastoma Metastasizing to the 
Right Auricle, J. A. M. A. 109:578 (Aug. 21) 1937. (g) Schnitker, M. A., and 
Bailey, O. T.: Metastatic Tumor of the Heart: Case Diagnosed During Life, ibid. 
108:1787 (May 22) 1937. (h) Smith, D. S.: Neoplastic Involvement of the Heart: 
Two Cases Diagnosed Before Death, ibid. 109:1192 (Oct. 9) 1937. (1) Scott, 
R. W., and Garvin, C. F.: Tumors of the Heart and Pericardium, Am. Heart J. 


17:431, 1939. 
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The refractory character of the decompensation noted in case 1 has 
heen stressed by many observers. It has frequently been the outstanding 
feature. All of the known procedures appear to have no beneficial effect, 
or at most a transient and minor one. The sarcomas appear particularly 
prone to acquire this character to a striking degree. In several of the 
cases of myxoma or fibromyxoma of the auricles it has also been shown. 
It is unusual as the main manifestation of other tumors. 

Serohemorrhagic pericardial effusion with extreme rapidity of recur- 
rence after removal was a striking feature in case 1. Shelburne ** noted 
the same feature in 2 of his cases and stressed its importance in the diag- 
nosis of neoplasm. Heninger stated that its presence indicates peri- 
cardial involvement by metastatic growths. It has not been reported 
frequently and has been found with primary sarcomas and pericardial 
tumors metastatic from the lungs. In our case it was associated with a 
metastatic lymphosarcoma. Tumor cells were found in the cases of 
Heninger ** and of Schnitker and Bailey.** Occasionally the pericardial 
effusion was associated with pleural effusion of the same character. 

Rheumatic heart disease was considered in the differential diagnosis 
in our first case. Most of the observers said they believed it the most 
likely diagnosis throughout the course in spite of the features unexplaina- 
ble on this ground. In several cases recorded, including those of both 
primary and secondary and benign and malignant lesions, the same 
question in diagnosis had arisen. In the majority, the previous history 
revealed nothing suggestive of rheumatic disease. In our own case, head 
colds and sore throat were of frequent occurrence, giving a possible 
background for the development of that disease. The existence of rheu- 
matic heart disease, however, seemed unlikely, since the patient had been 
able to carry on strenuous exercise without cardiac embarrassment as 
recently as the previous summer. 

The tumor which has given a picture most closely resembling that 
of the rheumatic heart has been the myxoma or fibroma of the left 
auricle. In about half of the cases collected the signs of mitral stenosis 
were found. In a few cases it was noted that the character of the 
murmur was variable and related to positional changes. A pedunculated 
sarcoma of the left auricle reported by Hoffmann‘ gave physical findings 
similar to those of the benign tumors of the same chamber. In the 
metastatic sarcomas of Wainwright the same signs were produced. 

Simulation of other valvular defects was unusual. In Sikl’s case, in 
which the condition was diagnosed clinically as valvular disease, there 
was a rhabdomyoma. In Weltmann’s case the signs of tricuspid stenosis 
were present ; the myxoma was in the right auricle. 

Symptoms similar to those of coronary sclerosis were prominent in 
cases 2 and 3. As in cases of this condition, the tumors producing them 
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were usually metastatic and the symptoms frequently terminal phenom 
ena. Primary tumors have infrequently been associated with angina. 

The Stokes-Adams syndrome was infrequently observed and found 
only in association with rhabdomyoma and angioendothelioma of the 
bundle of His. Ball valve action of pedunculated tumors of the left 
auricle sometimes caused sudden collapse simulating the Stokes-Adams 
syndrome. 

Arrythmias were frequent, and the striking feature was the rapidity 
with which they fluctuated. Of the many cases in which electrocardi- 
ographic studies were done, in only 1, that of a myxoma of the left auricle 
reported by Bien and Ch’in, was there a consistently normal tracing 

Thrombosis of the large veins occurred usually from prolongation 
of the tumor through veins from distant sources, occasionally in cases of 
malignant tumors of the right auricle. Jacobi and Seltzer ® made the 
interesting observation that carcinoma of the thyroid causes cardiac 
dlysfunction only by extension through the veins into the right side of the 
heart and that true metastases from this organ are unassociated with it 
This proved to be the mechanism in the only 2 cases of cancer of the 
thyroid found in this review, the cases of Holt and Mencarelli. 

Sudden death was unusually common, occurring in 29 of the reported 
cases. It occurred more frequently in the cases of primary than in thos« 
of metastatic tumors. Of the 24 cases of fibroma or myxoma of the 
auricles, sudden death occurred in 8 (or one third of the cases). In 3 of 
the 4 cases of angioendothelioma death was also sudden. There were 
2 sudden deaths in the 11 cases of rhabdomyoma. It was of interest to 
note that of the 5 cases of primary sarcoma in which the patient died 
suddenly, in 4 the right auricle was involved. Of the cases of metastatic 
tumors, there was sudden death in only 4. Auricular involvement was 
present in 2 cases in which sudden death was the result, and in 1 such 
case the myocardial location was unspecified. In the last case, that of 
McDonald and Heather, malignant venous propagation had caused mitral 
obstruction. 

Only banal symptoms were present in case 4. This complex occurred 
in only a small number of cases and was characterized by low blood 
pressure, marked tachycardia and poor quality of the heart sounds. 

Dyspnea was frequent and usually intense.. Occasionally it was the 
most prominent feature. Sometimes it was described as agonizing. 
Cyanosis was not always present, but when it occurred tended to be 
extreme. Tachycardia, frequently marked, was noted almost invariably. 
Loss of weight and anemia were important findings in several cases. As 
would be expected, they were more frequently prominent among the 


6. Jacobi, M., and Seltzer, J.: Cardiac Meatastases from Carcinoma of the 
Thyroid, Am. Heart J. 12:473, 1936. 
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cases of metastatic tumors. In case 1 loss of weight was an important 
finding leading to the correct diagnosis and was in sharp contrast to the 
findings in other cases of cardiac decompensation in patients under 
observation in the ward at the same time. 

The roentgenologic studies gave one finding almost invariably, the 
extreme enlargement of the cardiac shadow. Occasionally this enlarge- 
ment was the first observation noted. In a few cases, there was fixation 
or irregularity of individual contours. 





Bizarre combinations of signs and symptoms seem to dominate in 
many cases. In the cases of myxoma of the left auricle transient inter- 
ference with the peripheral circulation and signs of mitral stenosis have 
been observed. There have been attacks of fainting on standing and 
short periods of cold cyanosis of the extremities. The murmurs have 
been found variable, sometimes soft and at other times typical of stenosis. 
The electrocardiographic tracings, although abnormal, have not shown 
the features usually seen accompanying the rheumatic heart. In the 

. case of Bien and Ch’in, the clinical syndrome of sudden left ventricular 
; failure was associated with normal electrocardiographic tracings. Gilbert 
and Millar’s patient had paroxysmal rhythms following congestive 
failure. 
In the cases of malignant primary tumor the signs of severe cardiac 
failure have been present in the absence of peripheral edema and ascites. 
Frequently there has been intense dyspnea with no orthopnea. Severe 
dyspnea and a low value for the carbon dioxide-combining power of the 
blood have been observed in the absence of cyanosis. 


; 
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In the cases of metastatic growth one of the most striking features 
has been the changes in rhythm, tending to be fluctuant. In association 
with recognized metastases to other organs, the cardiac symptoms have 
been out of proportion to the extent of the metastases. There have been 
low blood pressure readings accompanied with surprising comfort of the 
patient, as in case 4. 


EE 


There are many diagnostic features which suggest the presence of 
tumor. Intractable cardiac dysfunction in the absence of obvious cause 
is the most common. Extremely large size of the heart, obscure in 
origin, also is important. The combination of contradictory signs and 
symptoms has been frequently observed. Serohemorrhagic pericardial 
effusion is a most vaiuable sign. Jensen stressed the effect of postural 
changes on murmurs. Cardiac failure and arrhythmias in the presence 
of a known primary malignant growth should arouse suspicion. The 
roentgen studies usually, reveal a large cardiac shadow, sometimes with 
distortion. Siegel found the lack of reciprocal direction of the T waves 
in electrocardiographic tracings to be of value. 
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SUMMARY AND CONCLUSIONS 


Four cases of metastatic tumors of the heart causing cardiac dysfunc- 
tion are reported, and the literature is reviewed 


The outstanding feature of cardiac tumors has been the intractable 
failure without obvious cause. The appearance of cardiac failure or 
arrhythmia in association with a known malignant growth in some other 
organ should lead one to consider the possibility of metastasis to the 
heart. Roentgenologic and electrocardiographic studies are valuable aids 
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IODINE AND CHOLESTEROL METABOLISMS IN 

i PATIENTS WITH PRIMARY MYXEDEMA 

A CLINICAL AND EXPERIMENTAL STUDY WITH A REPORT OF 
RESULTS OF TREATMENT 





| ARTHUR M. GREENE, MD. 
OMAHA 


| 
I The clinical signs and symptoms of myxedema are well known. 
However, prior to the last decade too little attention was directed to the 
; biochemical processes of the disease. Hypothyroidism presumably 
: results from a relative or an absolute deficiency of thyroid secretion. 
: Since iodine comprises about 65 per cent of thyroxin, it would appear 
| ae 4 that further investigation of the metabolism of iodine as evidenced by 
E the iodine levels of the blood and urine is indicated. 
A characteristic alteration of the plasma cholesterol is found in 
p patients with thyroid deficiency. This aspect has been investigated by 
several workers both before and after treatment with desiccated thyroid. 
The results of these investigations have shown that the level of the 
cholesterol in the blood is of value in the differential diagnosis of border- 
line cases of hypothyroidism. 
This study had as its purpose the following determinations : 


1. The level of the iodine in the blood and the urinary excretion of 
iodine in thyroid deficiency states. 

2. The variation from the normal of the level of the iodine in the 
blood that might be characteristic of this endocrine disorder, and hence 
of diagnostic value. 

3. The possible correlation between the level of iodine and that of 
cholesterol in the blood in cases of thyroid deficiency. 

4. The levels of iodine and of cholesterol in the blood in cases of this 
condition after the administration of thyroid preparations. 

5. The reaction of the blood iodine and the blood cholesterol in hypo- 
thyroidism to the administration of both organic and inorganic iodine 
compounds. This was studied for the purpose of determining whether 


From the Lahey Clinic, Boston. A thesis submitted to the Faculty of the 
Graduate School of Medicine of the University of Pennsylvania in partial fulfilment 
of the requirements for the degree of Master of Medical Science (M.Sc., Med.) 
3 for graduate work in internal medicine. 
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the chemical changes in the blood in the patients receiving thyroid 
preparations were due to the specific substance or to nonspecific iodine. 


With the foregoing ideas in mind, the cases of 9 patients with spon- 
taneous, untreated myxedema were investigated. All patients were 
hospitalized for a period of four to fourteen days. They were then 
discharged from the hospital and examined at the Lahey Clinic. The 
clinical course and the chemical alterations in the blood were observed 
at specific intervals for a period of from one to seven months. 

While the patients were in the hospital, the clinical course was 
closely followed. Frequent estimations of the basal metabolic rate were 
done ; changes in weight were noted, and fluid intakes and outputs were 
recorded for twenty-four hour periods. The iodine and cholesterol levels 
in the blood were estimated at intervals of twenty-four to forty-eight 
hours. The total iodine in the blood and the organic and inorganic 
iodine fractions were determined. Daily excretion of iodine in the urine 
was estimated. 

The method described by Perkin’ was used for the biochemical 
analysis of the total iodine in the blood and urine. The alcohol-precip- 
itable iodine was determined for the estimation of the so-called organic 
iodine fraction ; the alcohoi-soluble iodine, for the estimation of the so- 
called inorganic iodine fraction.* 

After the initial clinical, metabolic and biochemical status of each 
patient was determined, the following courses of treatment were insti- 
tuted: Three patients were given 1 grain (0.065 Gm.) and 1 patient 
2 grains (0.13 Gm.) of U. S. P. desiccated thyroid daily by mouth. 
Three patients were given daily intravenous injections of thyroxin, the 
amount of which was biologically equivalent to 1 grain of desiccated 
thyroid administered orally. One patient was given compound solution 
of iodine U. S. P. and 1 patient potassium iodide daily, the iodine content 
of each preparation being approximately ten times that present in 1 grain 
of U. S. P. desiccated thyroid. On discharge from the hospital, all 
patients were given 1 grain of desiccated thyroid daily. 

Tables 1 to 9 represent the results obtained in each patient. 


ANALYSIS OF RESULTS 
Plasma Cholesterol——tThe results of the study of the plasma choles- 
terol in cases of thyroid deficiency before and after therapy with thyroid 
preparations have corroborated the findings of other investigators. 


1. Perkin, H. J.: Determination of Iodine in Blood, Biochem. J. 27:1078- 
1081, 1933. 

2. Perkin, H. J., and Hurxthal, L. M.: Fractionation of the Iodine of the 
Blood in Thyroid Disease, J. Clin. Investigation 18:733-739 (Nov.) 1939. 
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Epstein and Lande * were the first to stress the diagnostic significance 
of the elevated level of cholesterol in the blood in hypothyroidism. Hurx- 
thal and Hunt* confirmed this and, in addition, demonstrated that 
a reciprocal relationship existed between the height of the plasma choles- 
terol and the lowering of the basal metabolic rate (based on average 
values for a group of patients). Hurxthal stated that the level of choles- 
terol in the blood is a better index of thyroid deficiency than the basal 
metabolic rate. Boyd and Connell,® Bronstein ® and others have con- 


TABLE 1.—Data from Study of the Iodine and Cholesterol Metabolisms 
in Patient 1* 








Whole Whole Whole 
Blood, Blood, Blood, 
Total Oon- Content 


Basal Content tent of of Inor- Iodine 
Meta- Plasma of Organic ganic Excretion Medi- 
bolic Choles- Iodine, Iodine, Iodine, in cation, 


Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Desic- 
Per- Mg./ grams/ grams/ grams/ Intake, Output, (24Hr.), cated Weight, 
Date centage 100Cc. 100Ce. 100Ce. 100 Ce. Ce. Ce. Mg. Thyroid Pounds 


10/ 7/38 —25 362 4.2 2.0 2.2 1,620 joa 20 ew =—(s | 115% 
4.0 2.0 2.0 

10/ 8/38 —21 358 7.2 2.0 5.2 2,280 1,250 0.026 1 gr. 114% 
10/ 9/38 .... ‘eke ae ae me 3,000 2,950 0.062 1 gr. 
10/10/38 .... ise 14.4 4.6 98 2,850 2,750 0.058 1 gr. 
10/11/38 —..... 293 11.7 4.2 7.5 2,550 1,760 0.162 1 gr. 

10/12/38 .... as Sais eae iat 2,340 3,200 0.269 1 gr. 

10/13/38 .... 319 6.0 4.4 1.6 3,360 3,150 0.202 1 gr. 
10/14/38 —27 eee _— ose ave 3,000 2,800 0.282 ae. 115 
10/15/38 —28 262 11.3 4.2 7.1 2,250 3,100 0.307 1 gr. 116 
10/16/38... ate ae See =e 2,700 1,420 0.596 1 gr. 
10/17/38 —19 265 7.5 4.2 3.3 2,160 2,900 0.122 1 gr. 111% 
10/18/38 .... ee ecco i eas 2,400 2,200 0.202 1 gr. 111% 
10/19/38 —13 298 9.6 4.2 5.4 2,400 wwies oaeew 1 gr. 115% 
10/20/38 .... we Stee = ae) lee 3,750 1,827 1 gr. 
10/21/38 —13 275 5.1 2.1 Ba. ubess 2,350 0.148 1 gr. 111% 
10/22/38 —1 203 8.7 6.0 > ar ee 530 0.175 ¢esee 113 

(incom- (incom- 
plete) plete) 
2/21/39 +19 222 12.6 8.4 44 cae 450 0.076 1 gr. 115% 


(incom- (incom- 
plete) plete) 





* Patient 1—A man aged 60 had spontaneous myxedema of forty years’ duration. There 
were the classic clinical signs and symptoms of myxedema except that the patient was slightly 
underweight; bradycardia was observed (pulse rate 36 to 50 beats per minute). 

wr excellent clinical response to relatively small doses of desiccated thyroid was 
obta + 


3. Epstein, A. A., and Lande, H.: Studies on Blood Lipoids (Relation of 
Cholesterol and Protein Deficiency to Basal Metabolism), Arch. Int. Med. 30: 
536 (Nov.) 1922. 

4. Hurxthal, L. M.: Blood Cholesterol in Thyroid Disease (Effect of Treat- 
ment), Arch. Int. Med. 52:86-95 (July) 1933; Blood Cholesterol and Thyroid 
Disease (Myxedema and Hypercholesterolemia), ibid. 58:762-781 (May) 1934. 
Hurxthal, L. M., and Hunt, H. M.: Clinical Relationships of Blood Cholesterol, 
with a Summary of Our Present Knowledge of Cholesterol Metabolism, Ann. Int. 
Med. 9:717-727 (Dec.) 1935. 

5. Boyd, E. M., and Connell, W. F.: Plasma Lipoids in Diagnosis of Mild 
Hypothyroidism, Quart. J. Med. 6:467-471 (Oct.) 1937. 

6. Bronstein, I. P.: Blood Cholesterol in Cretinism and Hypothyroidism in 
Childhood, J. A. M. A. 100:1661-1663 (May 27) 1933. 
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curred in these findings. Hurxthal also suggested that the level of the 
cholesterol in the blood plasma may be used as an index to evaluate the 
amount of thyroid required during the course of treatment. He also 
pointed out that one should not be oblivious to the clinical analysis of 
the patient, which is the best criterion in both diagnosis and treatment. 
Eight of the 9 patients studied had typical cases of myxedema and 
had an elevation of the level of plasma cholesterol. The average level 
before treatment was 399 mg. per hundred cubic centimeters of blood. 
The range of normal by the method used* was estimated to be from 


TABLE 2.—Data from Study of the Iodine and Cholesterol Metabolisms 
in Patient 2* 








Whole Whole Whole 
Blood, Blood, Blood, 
Total Con- Content 
Basal Content tent of of Inor- Iodine 
Meta- Plasma of Organic ganic Excretion Medi 
bolic Choles- Iodine, Iodine, Iodine, in cation, 
Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Desic- 
Per- Mg./ grams/ grams/ grams/ Intake, Output, (24Hr.), cated Weight. 
Date centage 100Ce. 100Ce. 100Ce. 100 Ce. Ce. Ce. Mg. Thyroid Pounds 


10/15/38 =i... 363 ots ies ar. 720 

10/16/38 —39 Sie <p — des 1,140 

10/17/38... 3 3. 15 2 1,260 

10/18/38... ie oba Pe ie 1,140 

10/19/38... 3 5. 2.3 2. 1,200 

10/20/38 “on ae tile Suis 

10/21/38 —35 3.5 3. i ff 237 ; 178% 
10/31/38... ae ane ‘ ; ‘ 178%, 
ih)! are coe vane eer jeaae 3 176 
12/12/38 .... 7.5 3. 0.7 oe prey: 2 gr. 169 
1/l7fse si... 3.6 oe sue wane i eee 2 ger. 

* Patient 2—A woman aged 61 had spontaneous myxedema of eight years’ duration. 
Classic signs and symptoms were observed with associated severe arteriosclerosis, cardiac 
enlargement, a blood pressure of 170 systolic and 96 diastolic and relatively severe mental 
deterioration of arteriosclerotic origin. Inadequate treatment was given from May 1932 to 
May 1938. There was no treatment for five months before study was begun. 

Result.—Three months after treatment with small doses of thyroid was begun right hem! 
plegia developed, probably from thrombosis of a cerebral artery. 


120 to 250 mg. per hundred cubic centimeters, with a mean average of 
180 mg. The plasma cholesterol decreased as the lowered basal metabolic 
rate rose to normal in association with clinical improvement. At the 
termination of the study all the patients had a normal level of plasma 
cholesterci. 

In the exception to the foregoing results, patient 3 (table 3), a woman 
of 20 with compensated myxedema, the level of blood cholesterol was 
normal and was not influenced by the administration of thyroxin intra- 
venously or desiccated thyroid orally. This result was in keeping with 
the normal basal metabolic rate and the absence of clinical signs and 


7. Bloor, W. R.: The Determination of Small Amounts of Lipid in Blood 
Plasma, J. Biol. Chem. 77:53-74 (April) 1928. 
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symptoms of myxedema. The stunted physical development and mental 
changes in this woman were presumably the result of prolonged thyroid 
deficiency during the period of development. The hypometabolism had 
apparently been compensated by a large colloid adenomatous goiter. The 
goiter decreased in size during thyroid therapy. The thyroid gland had 
presumably hypertrophied to a degree necessary to maintain normal 


TasLe 3.—Data from Study of the lodine and Cholesterol Metabolisms 
in Patient 3* 








Whole Whole Whole 
Blood, Blood, Blood, 
Total Content Content 


Basal Content of of Inor- Todine 
Meta- Plasma of Organic ganic Excretion 
bolic Choles- Iodine, Iodine, Iodine, in Medication, 


Rate, terol, Micro- Micro- Micro- Fluid Urine Thyroxin 
Per- Mg./ grams/ grams/ grams/ — On de Intra- Weight, 


Date centage 100Ce. 100Ce. 100Ce. 100 Ce g. venously Pounds 
10/24/38 +12 160 3.2 2.9 0 1,100 a Ore 974% 
10/25/38 + 8 180 5.0 5.0 0 700 0.073 0.33 mg. 97 
10/26/38 +10 174 2.5 2.1 0 600 0.050 0.33 mg. 96 
10/27/38 +12 185 18.5 2.1 16.1 725 0.106 0.33 mg. 96 
10/28/38 +7 176 10.6 7.5 3.3 750 0.081 0.33 mg. 95 
10/29/38 +9 163 2.6 2.2 0 825 0.140 0.33 mg. 94% 

Desiccated 
Thyroid 
11/29/38 +16 188 9.0 3.8 5.1 720 0.51 1 gr. 100% 


»(incom- (incom- 
plete) plete) 


3/ 1/39 +29 188 14.5 10.6 4.2 300 0.057 1 gr. 102% 
(ineom- (ineom- 
plete) plete) 


5/29/39 +20 153 6.3 see ose 320 1.76 1 gr. 108% 
(incom- (incom- 
plete) plete) 





* Patient 3—A woman aged 20 (sister of patient 4) had juvenile myxedema of unknown 
duration, compensated from a metabolic standpoint at the time of study by a large colloid 
adenomatous goiter with a substernal extension. She presented stunted growth, but normal 
bone age was revealed by roentgenographic study of the epiphyses. Her menses were irregular 
and seanty, but she had normally developed secondary sex characteristics. Mental retarda- 
tion was shown. Skin texture, hair and tongue presented none of the characteristics of thyroid 
deficiency. This patient served as a metabolically normal control for the other typically hypo- 
thyroid patients. 

Result.—After seven months of treatment with small doses of thyroid the goiter decreased 
in size, and the greatest diameter of the neck (over the goiter) diminished 1% inches (4.45 cm.); 
no other improvement was noted. 

¢t Data on fluid intake are incomplete. 


metabolism successfully, but when the demands on it were lessened by 
the therapeutic administration of thyroid, this compensatory hyper- 
trophy was no longer required and partial atrophy resulted. This patient 
served as a metabolically normal control for the 8 patients with typical 
hypothyroidism studied. 

Patient 8 (table 8) demonstrated that medication with inorganic 
iodine (compound solution of iodine U. S. P.) had no influence on the 
plasma cholesterol. The effect of iodine on the cholesterol metabolism in 
this instance of myxedema thus appeared to be specific only for the 
organic iodine present in thyroid substance. 
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Iodine.—Analysis of the determinations of iodine in the blood is 
subject to many misinterpretations. To evaluate fully the iodine metab- 
olism of a given patient the following criteria should be established : 

1. The content of iodine ingested in food, as well as any form of 
medication with iodine, should be known. A sea food dinner or the 
use of iodized salt on food will appreciably elevate the iodine in the 


TasLe 4.—Data from Study of the lodine and Cholesterol Metabolisms 
in Patient 4* 








Whole Whole Whoie 
Blood, Blood, Blood, 
Total Content Content 
Basal Content of of Inor- Iodine 
Meta- Plasma of Organic ganic Excretion 
bolic Choles- Iodine, lodine, lodine, in Medication, 
Rate, terol, Micro- Micro- Micro- Fluid Urine Thyroxin 
Per- Mg./ grams/ grams/ grams/ Output, (24 Hr.), Intra- Weight, 
Date centage 100Cc. 100Ce. 100Ce. 100 Ce. Ce. Mg. venously Pounds 
10/24/38 —25 337 6.0 - 2.4 6” 0.137 sh awnen Of 
10/25/38 —36 368 5.0 J 375 0.028 0.33 mg D4'~ 
10/26/38 —34 323 5.6 3.3 2. 900 0.064 ).33 mg. 
10/27/38 —3 318 6.2 2 J 700 0.088 ).33 meg. 
10/28/38 266 94 ; 38 825 0.049 0.33 mg. 
10/29/38 508 6.2 2 2.2 450 0.047 1.33 me. 
(incomplete) 
Desiccated 
Thyroid 
11/29/38 3 B 870 0.183 1 gr 
(incomplete) 
3/ 1/39 - p 5.5 2. 3.0 415 0.070 1 gr. 
(incomplete) 


5/29/39 33.8 ane wwe 600 0.050 2% gr. 
(incomplete) 





* Patient 4—A boy aged 14 (brother of patient 3) had juvenile myxedema of nine or ten 
years’ duration. Apparently development was normal to the age of 4 or 5 years. He presented 
a great excess in weight and skin, hair, tongue and fat distribution were typical of hypo- 
thyroidism. Bone age was 4 years, determined by roentgenographie study of the epiphyses 
Mental] retardation was moderate. A small substernal thyroid was revealed in roentgenograms. 
Infantile genitalia with cryptorchidism were observed. 

Result.—After seven months of treatment, the boy had lost 21% pounds (9.7 Kg.), the 
height had increased 3% inches (8.9 cm.), the the testes had enlarged and entered the scrotum, 
the skin, hair and tongue had changed to normal appearance and the mentality had improved. 


+ Data on fluid intake are incomplete. 


blood. External contacts with iodine (such as the application of iodine 
to the skin) should also be eliminated. 

2. The patient should be in a state of physical and emotional rest 
at the time blood is taken for analysis. Exertion may elevate the level 
of iodine in the blood.° 


8. Curtis, G. M.: Iodine Relationships of Thyroid Disease, Surg., Gynec. & 
Obst. 62:365-372 (Feb.) 1936. 

9. (a) McCullagh, D. R.: Hypothyroidism: Studies of Blood Iodine by 
Use of New Chemical Method (Diagnostic Application), Cleveland Clin. Quart. 
2:15-37 (Jan.) 1935. (b) Perkin, H. J.; Brown, B. R., and Lang, J.: Iodine 
Tolerance Test of Normal and Thyrotoxic Individuals, Canad. M. A. J. 31: 
365-368 (Oct.) 1934. 
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3. In women, the stage of the menstrual cycle should be known, as 
a premenstrual rise in the iodine of the blood may occur.’° 

4. Blood should be drawn for estimations of iodine at a definite 
period after thyroid therapy. In the present study all blood was obtained 
from twenty to twenty-four hours after iodine was administered. 

5. Excretion of iodine in the feces should be estimated. 

6. The content of iodine in complete twenty-four hour specimens of 
urine should be known. 


Taste 5.—Data from Study of the Iodine and Cholesterol Metabolisms 
in Patient 5* 








Whole Whole Whole 
lood, Blood, Blood, 
Total Oon- Content 


Basal Content tent of of Inor- Iodine 
Meta- Plasma of Organic ganic Excretion Medi- 
bolic Choles- lodine, Iodine, Iodine, in eation, 
Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Desic- 
Per- Mg./ grams/ grams/ grams/ Intake, Output, (24Hr.), cated Weight, 
Date centage 100Ce. 100Ce. 100Ce. 100 Ce. Ce. Ce. Mg. Thyroid Pounds 
10/28/38 25 615 2.2 2.2 1,500 1,100 0.086 ..... 179% 
10/29/38 21 40 10.5 8.5 2.3 1,500 1,300 0.083 1 gr. 176%, 
10/30/38 .... - ae bee eas 1.500 bese (‘tw 1 gr. 
10/31/38 bos pak 7.5 6.3 1.3 1,500 2.7 0.113 1 gr 
11/ 1/38 13 553 = pits pas 1.500 1,700 0.289 lgr. 175 
1l/ 2/38 ..... 535 aus a eee 1,500 800 0.067 1 gr. 
11/ 3/88...» 485 8.2 4.2 4.3 1.500 Sees 8=——é www 1 gr. 
11/ 4/38 —20 535 sees pee ion 1,500 600 0.076 1 gr. 172 
1l/ 6/38 —16 485 11.0 8.4 3.3 1,500 500 0.052 Ze. 171 
12/13/38 -—9 207 9.0 5.0 G3 £éeee eink oun 1 gr. 15914 





* Patient 5—A woman aged 49 had spontaneous myxedema of four years’ duration 
Classic signs and symptoms of myxedema were observed, with marked arteriosclerosis, essen 
tial hypertension of grade II (blood pressure, systolic 180 mm. and diastolic 110 mm. of 
mercury) and moderate cardiac enlargement. 

Result.—Excellent clinical response from an endocrine standpoint was obtained, but six 
weeks after beginning of treatment with small doses of desiccated thyroid (1 grain [0.065 Gm.) 
daily) typical angina of effort developed. The patient died at home a few days after the 
onset of angina, of “an attack of severe pain in the chest and suffocation.” 


7. Iodine eliminated in sweat and iodine expired through the lungs 
should be estimated. 

8. The iodine in the blood should be fractionated into its organic 
and inorganic components, since organic iodine alone is believed to be 
physiologically active. 

All of the foregoing criteria were fulfilled in the present study with 
the exceptions of the analysis of stools for iodine and the estimation of 
the iodine content of the food intake and of the iodine lost in sweat and 
expired in air. However, all patients were on standard hospital diets 
which were not greatly variable in iodine content. Iodized salt was not 





10. Maurer, F. E.: Blood Iodine Changes in Menstruation and Pregnancy, 
Arch. f. Gynak. 130:70-79, 1927. Perkin, H. J., and Brown, B. R.: Influence of 
Thyroid Gland and Ovary on Metabolism of Iodine (Experimental Study in Dog), 
Endocrinology 22:538-542 (May) 1938. Perkin.1 
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used. The analyses which were not done in this study were not carried 
out in some of the studies made by other workers * on the alterations of 
iodine in the blood in hyperthyroidism. Admittedly, this knowledge 


‘should be incorporated in a complete metabolic study. 
Perkin, Brown and Lang®; Elmer**; Watson’® and Fitz and 
Hunt ** have shown by means of iodine tolerance tests that persons with 


TaBLe 6.—Data from Study of the lodine and Cholesterol Metabolisms 
in Patient 6* 











Whole Whole Whole 
Blood, Blood, Blood, 
Total OCon- Content 
Basal Content tent of of Inor- Iodine 
Meta- Plasma of Organic ganic Excretion Medi 
bolic Choles- Iodine, Iodine, Iodine, in cation, 
Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Thyroxin 
Per- Mg./ grams/ grams/ grams/ Intake, Output, (24 Hr.), Intra- Weight, 
Date centage 100Ce. 100Ce. 100Ce. 100 Cec Ce Ce Mg. venously Pounds 


1l/ 4/38 -—16 y 10.5 84 2.% 1,500 ee ear 
ll/ 5/388 —I17 ¢ 9.2 84 13 1,500 1,650 lf 23 mg 
11/ 6/38 .... ea a ana Re 1,500 1,900 33 me. 
11/ 7/38 —21 23 10.8 3 : 1,500 1,550 < 33 mg 
1l/ 8/38... wail aoa 1,500 1,300 G 33 mg. 
11/ 9/388 —s§ { 9.3 1,500 1,450 33 mg 
11/10/38... prs y ‘ 1,500 1,300 33 meg 
1/lljss_ “ne eee ove <a 1,500 1,150 0.33 meg 
11/12/38 .... vie ‘ 2 2 1,500 1,250 0.35 mg 
Desiccated 
Thyroid 


730 
(incom- (incom- 
plete) plete) 


P/IT/2 
12/17/35 


3/25/39 5 3.2 2. , , 350 0.756 
(incom- (ineom 
plete) plete) 


* Patient 6.—A girl aged 14 had myxedema of two years’ duration. She presented sub 
standard height, slight mental and physical sluggishness, bone age determined by roentgeno 
graphic study of the epiphyses of 8 to 9 years, early secondary changes of puberty in the 
sex organs but no menses and dry skin and coarse straight hair. 

Result.—Good response to thyroid therapy was obtained, with growth of 1% Inches (4.45 
em.) in height in four and a half months. Results of studies on the iodine content of the blood 
of this patient possibly were affected by the constant use of iodized salt at home before the 
patient was admitted to the hospital. 


11. Perkin, H. J.; Lahey, F. H., and Cattell, R. B.: Blood Iodine in Relation 
to Thyroid Disease: Basic Concept of Relation of Iodine to Thyroid Gland 
(Iodine Tolerance Test), New England J. Med. 214:45-52 (Jan. 9) 1936. Perkin, 
H. J., and Lahey, F. H.: Exophthalmic Goiter: Relation Between the Blood 
Iodine Level and the Duration of Symptoms in Three Hundred and Five Cases, 
Arch. Int. Med. 61:875-879 (June) 1938. Perkin, H. J., and Cattell, R. B.: 
Blood Iodine Levels Related to the Recurrence of Hyperthyroidism, Surg., Gynec 
& Obst. 68:744 (April) 1939. 

12. Elmer, A. W.: Iodine Tolerance Test for Thyroid Insufficiency, Endo- 
crinology 18:487-496 (July-Aug.) 1934. 

13. Watson, E. M.: Iodine Tolerance Test for the Investigation of Thyroid 
Function, Endocrinology 20:358-362 (May) 1936. 

14. Fitz, R., and Hunt, R. S.: Experience with Iodine Tolerance Test in 
“Hypothyroid” Patients, Tr. A. Am. Physicians 52:24-25, 1937. 
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hyperthyroidism are “iodophylic” ; that is, when they are given a specific 
amount of iodine the iodine in the blood does not rise as high as in 
normal persons and returns to the basal level more quickly. On the 
other hand, those with thyroid deficiency are “iodophobic”; the blood 
iodine rises to higher levels than normal after intravenous injection of 
a given amount of iodine and falls more slowly to the basal level ; further- 
more, a greater percentage of the iodine administered is recovered in the 
urine.** Perhaps in patients with thyroid deficiency small variations of 


TasLe 7.—Data from Study of the Iodine and Cholesterol Metabolisms 
in. Patient 7 * 











Whole Whole Whole 
Blood, Blood, Blood, 
Total Content Content 


Basal Content of of Inor- Iodine 

Meta- Plasma of Organic ganic Excretion 

bolic Choles- Iodine, Iodine, Iodine, in Medication, 

Rate, terol, Micro- Micro- Micro- Fluid Urine Desic- 

Per- Mg./ grams/ grams/ grams/ Output,+ (24 Hr.), cated Weight, 
Date centage 100Ce. 100Ce. 100Ce. 100 Ce. Ce. Mg. Thyroid Pounds 
1/11/39 —26 390 Swe dew ras One ey re oe 141 
1/12/39 —l7 361 12.3 6 ove i. . “eee * < ekawn 141% 
1/13/39 now 366 15.7 9.2 6.5 660 0.055 
1/14/39 —41 382 18.0 14.7 3.3 880 sr 141 
1/15/39 oer 372 17.3 12.6 4.7 730 0.540 ler 
1/23/39 Euca 326 ais ae aS e aaa 1 gr. 138% 
2/10/39 Sie 218 10.5 8.4 5.3 bes sare i 1 gr. 136% 
3/11/39 — 3 235 20.0 7.5 12.5 sae widens 1 gr. 129 
4/14/39 esse 250 10.4 5.5 4.2 ose ‘wees ig. 131% 
5/31/39 sane 258 4.2 4.2 1.3 ace ‘bewew 1 gr. 127 





* Patient 7—A woman aged 57 had spontaneous myxedema of fifteen years’ duration. 
Classic signs and symptoms with moderate arteriosclerosis and slight cardiac enlargement were 
observed. 

Result.—Good clinical response to relatively small doses of desiccated thyroid was obtained. 
Results of studies on the content of iodine in the blood of this patient possibly were affected 
by the application of tincture of iodine to a laceration on the forearm the day before the 
patient was admitted to the hospital. 

+ Data on fluid intake are incomplete. 


iodine in food intake may cause relatively large fluctuations of the iodine 
in the blood and in the urine. 

Most of the physiologic and metabolic activities are retarded in 
myxedema. The circulation time is prolonged,’® the motility and 
absorptive functions of the gastrointestinal tract are delayed,'* and 
finally the activity of all tissue cells is diminished. Presumably, this 
retardation results from inactivity or atrophy of the acinic cells of the 
thyroid gland, which are responsible for the conversion of inorganic 


15. Macy, J. W.; Claiborne, T. S., and Hurxthal, L. M.: The Circulation Rate 
in Relation to Metabolism in Thyroid and Pituitary States (Decholin Method), 
J. Clin. Investigation 15:37-41 (Jan.) 1936. 

16. Althausen, T. L.: A Study of the Influence of the Thyroid Gland on the 
Digestive Tract, Tr. Am. A. Study Goiter, 1939, pp. 37-49. 
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iodine to metabolically active iodine. Thus, in patients with myxedema, 
ingested iodine is slowly and possibly inadequately absorbed, is trans- 
ported by a relatively stagnant blood stream and is inefficiently utilized. 
These metabolic factors should be borne in mind in the analysis of the 
results in the study of iodine metabolism. 


TaBLe 8.—Data from Study of the Iodine and Cholesterol Metabolisms 
in Patient 8 * 








Whole Whole Whole 
Blood, Blood, Blood, 
Total Con- Content Medi- 
Basal Content tent of of Inor- Iodine cation, 
Meta- Plasma of Organic ganic Excretion lodine in 
bolic Choles- Iodine, Iodine, Iodine, in Compound 
Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Solution 
r- Mg./ grams/ grams/ grams/ Intake, Cutput, (24 Hr.), of lodine Weight, 
Date centage 100Ce. 100Ce. 100Ce. 100 Ce. Ce. Ce. Meg. U. 8. P. Pounds 
1/26/30 —26 388 4.5 3. 1.3 1,500 jude naene 162 
1/27/39 —38 427 8.6 3.9 1,500 0.088 1.27 me 
1/28/39 yess cae =" oss 1,500 0.124 1.27 me 
1/29/39 cove : ’ 5 2.8 1,500 0.223 1.27 mg 
1/30/39 bic’ 38 2.5 1,500 0.187 1.27 mg 
1/31/39 - ose eeee eee eee 1,500 79 0.334 1.27 meg. 
2/ 1/39 aves 398 36. “ 31.8 1,500 / 0.583 1.27 mg 
2/ 2/39 --4: eee 7. 1,500 0.302 1.27 mg. 
Desiccated 
Thyroid 
0.404 1 gr. 
0.111 ler 
0.128 1 gr. 
lgr 


¢ 
9 


2/ 3/39 
2/ 4/39 
2/ 5/39 
2/ 6/39 peiee 

2/ 7/39 0.072 1 gr. 
2/ 8/39 0.070 1 gr. 


2/ 9/39 eee nee euce o<e vee pieces 275 0.029 1 gr. 
(incom- (incom- 
plete) plete) 


4.2 
5.5 
5.0 
5.0 
6.7 


3/ 9/39 — is i 2.2 a os 310 0.026 lgr 
(incom- (incom- 
plete) plete) 


* Patient 8—A woman aged 36 had spontaneous myxedema of seventeen years’ duration. 
Classic signs and symptoms of myxedema, with moderate arteriosclerosis and cardiac 
enlargement, were observed. 

Result.—No clinical response to administration of compound solution of fodine U. 8. P 
for seven days was obtained. Excellent results followed the administration of desiccated 


thyroid. 


Perkin ** has shown that in the fractionation of blood iodine by the 
technic used in this study only organic compounds with a molecular 
weight of 7,000 and greater are recovered in the organic iodine fraction. 
Since thyroxin has a molecular weight of 777, it contributes no part to 
the so-called organic iodine fraction. In the patients who received 
thyroxin intravenously there was found to be a definite elevation of 


17. Perkin, H. J., and Cattell, R. B.: The Value of Blood Iodine Estimations in 
the Diagnosis of Borderline Hyperthyroidism, Tr. Am. A. Study Goiter, 1939, 
pp. 260-276. Perkin.1 Perkin and Hurxthal.? 
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the organic iodine fraction of the blood. Therefore, it may be postulated 
that the metabolically active substance is not thyroxin but an organic 
iodine compound with a molecular weight in excess of 7,000. If this 
is true, thyroxin must be converted into this unknown compound with 
great facility even in the presence of a deficiency of the thyroid gland. 
If this is not true, the physiologically active iodine in the blood should 
be sought in the so-called inorganic iodine fraction. 

In the analyses of the behavior of iodine in the cases of myxedema in 
this study, only observations of trends can be made, since there are 
exceptions to any conclusion that might be reached. Before the adminis- 


TABLE 9.—Data from Study of the Iodine and Cholesterol Metabolisms 
in Patient 9 * 








Whole Whole Whole 
Blood, Blood, Blood, 
Total OCon- Content 


Basal Content tent of of Inor- Iodine Medi- 
Meta- Plasma of Organic ganic Excretion cation, 
bolic Choles- Iodine, Iodine, Iodine, in Todine in 
Rate, terol, Micro- Micro- Micro- Fluid Fluid Urine Potas- 
Per- Mg./ grams/ grams/ grams/ Intake, Output, va Hr.), sium Weight, 
Date centage 100Cc. 100Cc. 100Ce. 100 Ce. Ce. Ce. Mg. Iodide Pounds 
4/12/39 wees 348 6.0 oss “sc 0Ct(‘ié«é SD cee eesce wees 141% 
4/14/39 —28 ore 34.6 si oa 1,500 530 0.180 1.27mg. 140 
4/15/39 —25 one 11.3 7.1 4.2 —— =—i(ir0C—~*«C nS 1.27 mg. 140 
4/17/39 —19 324 10.2 7.0 3.2 1,500 1.27 mg. 141 
Desiccated 
Thyroid 
4/18/39 $000 eo0 ieee san ene 1,500 a6 eooce 1 gr. 
4/22/39 ecoe 262 eins eat peo 0CCt*—*t«“t«C RS eee esess 1 gr. 14444 
4/29/39 cece 190 74 4.2 er ses 0ti(‘(‘“C io. 142 
5/ 6/39 — 166 58 see eee a ee Sa Soa 1 gr. 141% 
5/20/39 cee 138 6.5 4.2 | err ish)  aeued 1 gr. 138 








* Patient 9—A woman aged 38 had spontaneous myxedema of seven years’ duration. 
Classic clinical picture of myxedema with amenorrhea of seven years’ duration was observed. 
Py —Good clinical response to treatment with small doses of desiccated thyroid was 
obtaine 


tration of any iodine preparations the levels of total organic iodine and 
total inorganic iodine in the blood were either low or in the low range 
of normal (the normal total iodine in the blood being between 5 and 10 
micrograms per hundred cubic centimeters of blood and the organic 
iodine being 65 to 75 per cent of the total iodine). This low level of 
iodine in the blood in myxedema agrees with the findings of Eisler and 


Schittenhelm,?® Curtis and his associates *® McCullagh ® and Perkin; ? 


18. Eisler, B., and Schittenhelm, A.: Action of Thyroxin on the Blood Iodine 
in Myxedema, Ztschr. f. d. ges. exper. Med. 68:487-492, 1929. 

19. Curtis, G. M.; Davis, C. B., and Phillips, F. J.: Significance of Blood 
Iodine Content of Human Blood, J. A. M. A. 101:901-905 (Sept. 16) 1933. 
Curtis, G. M.; Barron, L. E., and Phillips, F. J.: Blood Iodine After Total 
Thyroidectomy in Man, J. Lab. & Clin. Med. 20:813-816 (May) 1935. Curtis.8 
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patients 6 and 7 (tables 6 and 7) are exceptions, having elevated iodine 
levels. It was discovered that patient 7 had applied tincture of 10dine 
liberally to a laceration of the skin one day before the beginning of the 
study. Patient 6 was found to have been using iodized salt at home 
before admission to the hospital. Hence, the initial elevation of the 
iodine in the blood is probably adequately explained in both cases. 

It would seem from the results of this study that there is no spe- 
cificity for the iodine present in thyroid substance to increase the total 
iodine in the blood or its fractions ; that is, any iodine absorbed increased 
the levels of both organic and inorganic iodine fractions. 


TaBLe 10.—Relationship Between Intake and Excretion of Fluids and lodine 
in Patient 1 (Partly Abstracted from Table 1)* 








Iodine Content 
Complete of Medication 
Iodine given, 1 Grain 
Fluid Fluid Excretion (0.065 Gm.) of 
Intake, Output, Weight, in Urine Desiccated 
Ce. , 


Date Ce. Pounds (24 Hr.), Me Thyroid, Me 


10/ 8/38 2,280 1,250 14} 0.026 0.13 
10/ 9/38 3,000 2,950 0.062 0.13 
10/10/38 2,830 2,750 0.058 0.13 
10/11/38 2,550 1,760 0.162 0.13 
10/12/38 2,340 3,200 5 0.269 0.13 
10/13/38 3,360 3,150 0.202 0.13 
10/14/38 3,000 2,800 é 0.282 0.13 
10/15/38 2.2500 3,100 0.57 0.13 
10/16/38 2,700 1,420 0.596 0.13 
10/17/38 2,160 2,900 0.122 0.13 
10/18/38 2,400 2,200 0.202 0.13 


Total 28,890 27,480 2.286 1.48 





* The total urinary output for the first eleven days of treatment almost equaled the fluid 
intake. This is a relative diuresis, corroborated by a concomitant loss in weight. The total 
amount of iodine excreted in the urine surpassed the total amount of iodine administered in 
medication. During the first three days of treatment the reverse was true. This is possibly 
an iodine ‘‘diuresis.”’ 


In the present study, the excretion of iodine in the urine was incon- 
stant and did not appear to bear any definite relationship to the type 
of iodine administered or to the level of the blood iodine. Nevertheless, 
there was an increase in the output of iodine in the urine in all instances 
after treatment. 

Table 10, abstracted from table 1, represents the intake and excretion 
in the urine of both fluids and iodine for the first eleven days of the 
administration of desiccated thyroid. The total fluid output almost 
equaled the total fluid intake. This was a relative water diuresis (borne 
out by concurrent loss in weight). Usually urinary output is only about 
two-thirds the fluid intake, varying with the amount of fluid lost in 
perspiration, stools and respiration. This diuretic action of thyroid in 
myxedema has long been recognized. But it was also noted that the 
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total iodine excreted surpassed that ingested in medication, despite the 
fact that in the first three days of study the reverse was true. It would 
seem from this that there was an iodine excretion following administra- 
tion of desiccated thyroid greater than that expected in this patient 
(table 10) even if it were assumed that all the iodine in the desiccated 
thyroid was excreted in the urine, in addition to the patient’s usual 
iodine output. This “iodine diuresis” following therapy warrants further 
study with prolonged periods of observation on iodine excretion before 
and after therapy and accurate knowledge of iodine in food intake. If 
the aforestated hypothesis is correct, the phenomenon is analogous to 
the iodine diuresis in hyperthyroidism ; that is, increased active thyroid 
principle, pathologic or therapeutic, causes increased iodine excretion in 
the urine. Curtis* has referred to the iodine diuresis in hyperthy- 
roidism as “iodine diabetes.” 

No absolute correlation was observed between the level of the choles- 
terol in the blood and the level of the iodine in the blood, either before 
or after beginning of treatment, but there was a tendency for the level 
of the organic iodine to be inversely proportional to the level of the 
plasma cholesterol. 


Clinical Observations.—In the discussion of the clinical results of 
this study only a few points need to be emphasized. Excellent sympto- 
matic and objective response from an endocrine standpoint followed the 
administration of relatively small doses of either desiccated thyroid orally 
or thyroxin intravenously. One grain (0.065 Gm.) of U. S. P. desiccated 
thyroid was sufficient to relieve the thyroid insufficiency and maintain 
adequate thyroid equilibrium in some patients with initial metabolic rates 
below — 40 per cent. The requirement of only small amounts of thyroid 
in the successful treatment of many patients with primary myxedema 
was well demonstrated, although it must be remembered that as a rule 
patients with hypothyroidism with low metabolic rates require more thy- 
roid medication than those with lesser degrees of hypometabolism. 

Thyroxin administered intravenously had no advantages over thyroid 
given orally except from an experimental standpoint. The iodine com- 
pounds (other than thyroid preparations) administered in this study 
produced no clinical effects on thyroid insufficiency. 

A word of caution should be given concerning the treatment of 
patients of the older age group who are suffering from associated 
coronary and cerebral arteriosclerosis. The element of danger has been 
emphasized by many clinicians in the past. Myxedema of long dura- 
tion results in advanced arteriosclerotic degeneration, which the patient 
may tolerate fairly well when the metabolic demands are low. Elevation 
of the metabolism by treatment with thyroid may sometimes be too great 
a strain for the cardiovascular system, and cerebral and coronary acci- 
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dents may occur. Patients 2 and 7 well illustrate the hazards of treatment 
in the presence of degenerative vascular disease; cerebral thrombosis 
(patient 2) and coronary thrombosis (patient 7) occurred three months 
and six weeks, respectively, after a daily dose of from 1 to 2 grains (0.065 
to 0.13 Gm.) of desiccated thyroid. Bartels and Bell,” in a recent study, 
emphasized these dangers. 

SUM MARY 

The cases of 9 patients with primary myxedema have been studied 
with particular reference to the behavior of the iodine and cholesterol 
metabolisms before and after treatment. All patients were hospitalized 
during the initial part of the study and subsequently examined at frequent 
intervals in the clinic. 

The following observations are in accord with the findings of other 
investigators: 1. The cholesterol level of the blood was elevated in all 
cases of thyroid deficiency. 2. After treatment with thyroid preparations 
was begun the cholesterol level fell in reciprocal relationship to the rise 
of the basal metabolic rate. 3. The cholesterol level of the blood was a 
good criterion of the amount of thyroid substance needed after the begin- 
ning of treatment. 4. Ina case of compensated myxedema without hypo- 
metabolism, thyroxin administered intravenously and desiccated thyroid 
administered orally exerted no effect on the level of cholesterol in the 
blood. 

The specificity of iodine present only in thyroid preparations in lower- 
ing the cholesterol level of the blood was demonstrated in 1 case of myx- 
edema ; inorganic iodine (in compound solution of iodine U. S. P.) did 
not alter the level of the cholesterol in the blood. These findings cor- 
roborate those of previous investigators. 

The difficulties in the analysis of iodine metabolism were discussed. 

The levels of the total iodine in the blood and of its organic and 
inorganic fractions were found to be low or in the low range of normal 
in 6 of 8 cases of thyroid deficiency. The initial high levels of iodine in 
2 cases were explained by ingestion of iodized salt and application of 
tincture of iodine to the skin, respectively, before the onset of study. 

After the administration of small amounts of iodine the level of the 
iodine in the blood was elevated, but occasionally this elevation persisted 
for only a few days. No definite difference was noted in the response of 
the total iodine in the blood or of either of its fractions to the administra- 
tion of inorganic iodine compounds, iodine in thyroid preparations or 
organic nonthyroid compounds. 

It was demonstrated that the administration of desiccated thyroid to 
a patient with myxedema produced an iodine “diuresis” analogous to 


20. Bartels, E. C., and Bell, G.: Myxedema and Coronary Sclerotic Heart 
Disease, Tr. Am. A. Study Goiter, 1939, pp. 5-15. 
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the “diuresis” seen in spontaneous hyperthroidism. This occurred soon 
after onset of therapy and could not have been produced by induced 
hyperthyroidism. 

No absolute correlation could be observed between the variations of 
the level of iodine and the level of cholesterol in the blood in myxedema, 
but there was a tendency for the level of the organic iodine of the blood 
to vary inversely with the level of the plasma cholesterol. 

Finally, this investigation demonstrated the need for more extensive 
studies of the metabolism of iodine in myxedema. Longer periods of 
study of hospitalized patients and more knowledge of the iodine ingested 
in food and excreted in feces are imperative before definite conclusions 
may be drawn. 


The analyses of blood and of urine were done by Mr. H. J. Perkin’s laboratory. 


918 Medical Arts Building. 


CONGENITAL BICUSPID AORTIC VALVES 


SIMON KOLETSKY, M.D 


CLEVELAND 


Congenital bicuspid aortic valves are of two types, those consisting 
of two normal cusps and those in which one of the two cusps is sub- 
divided by a ridge of congenital origin into two segments. The first 
type is evidently due to improper development of the endocardial swell- 
ings in the truncus arteriosus that form the rudimentary cusps or possibly 
to faulty growth of the aortic septum which normally bisects the two 
lateral endocardial cushions. In the second type there is maldevelopment 
of a commissure due to arrested growth of the annulus fibrosus and of 
the projections of the annulus that normally form the commissural cusp 
margins. The congenital ridge thus represents an abortive and deformed 
commissure. 

A recent survey of records of 3,300 consecutive autopsies at the 
Institute of Pathology of the University Hospitals of Cleveland revealed 
18 cases of congenital bicuspid aortic valve. Nine of these occurred 
among newborn and other infants and children and 9 among adults 
The present report comprises a study of these cases. 


INCIDENCE OF CONGENITAL BICUSPID AORTIC VALVES 


Within the past five years there have been several reports analyzing 
from autopsy records the relative incidence of the various congenital 
anomalies of the heart. From these the data with respect to the incidence 
of cougenital bicuspid aortic valves have been obtained, and they are 
presented, together with the data of the present study, in table 1. This 
table gives the total number of consecutive autopsies over a stated period 
at each institution as well as the number of cases of congenital bicuspid 
aortic valve. 

Because of the variation of the figures and the possibility that the 
anomaly may be overlooked or incorrectly interpreted, no accurate 
statistical information is available. The percentage in the figures in 
table 1 is lower than that in this study (0.54 per cent), but Lewis and 
Grant * found an incidence of 1.4 per cent in 315 autopsies. Adequate 
examination and correct diagnosis would probably determine an inci- 
dence of from 0.5 to 1.0 per cent in the general autopsy population. 


From the Institute of Pathology, Western Reserve University and University 
Hospitals. 

1. Lewis, T., and Grant, R. T.: Observations Relating to Subacute Infective 
Endocarditis, Heart 10:21, 1923. 
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In the present study a total of 63 cases of 1 or more congenital 
deformities of the heart was found among 3,300 consecutive autopsies. 
These deformities were summarized as individual lesions regardless of 


TABLE 1.—Incidence of Congenital Bicuspid Aortic Valves in Series of 
Consecutive Autopsies * 








Number of 
Total Period of Congenital 
Year of Number of Study Bicuspid 
Report Hospital Observer Autopises (Years) Aortic Valves 
1937 Philadelphia Szypulski, J. T.: J. Tech. 7,500 5 (1930-1935) 4 
General Metnods 173119, 1937 
1936 Johns Hopkins Leech, C. B.: J. Tech. Meth- 13,115 34 (1899-1933) 
ods 15: 101, 1936 
1937 University of Rannels, H. W., and Propst, 4,255 62 (1874-1936) 2 
Pennsylvania J. H.: J. Tech. Methods 17: 
113, 1937 
1936 Willard Parker Dolgopol, V. B.: J. Tech. 1,082¢ 5 0 
Hospital and Methods 16: 98, 1936 
Central Neuro- 
logical Institute 
1936 Massachusetts McGinn, 8.: J. Tech. Methods 7,500 40 (1895-1935) 10 
General 16 : 98, 1936 
1938 Ohildren’s Me- Gibson, 8., and Clifton, W. 1,950$ 15 (1921-1936) 1 


morial, Chicago M.: Am. J. Dis. Child. 55: 
761 (April) 1938 
1988 New York Jacobius, H. L., and Moore, 1,600 6 (1931-1937) 4 
R. A.: J. Tech. Methods 
18 3133, 1938 
1940 Institute of Koletsky, 8.: Present study 8,300 
Pathology, Uni- 
versity Hospitals 
of Cleveland 


— 


0 (1929-1939) 18 





*In addition to the tabulated data, it should be said that no instances of congenital 
bicuspid aortic valve were found in 336 autopsies done at the Buffalo Ohildren’s and 
General hospitals on infants up to 1 year of age, exclusive of stillborn infants (Terplan, K.. 
and Sanes, 8.: J. Tech. Methods 15:86, 1936). Likewise, no instances of this anomaly were 
present in persons 18 years of age or less among 5,000 persons on whom autopsy was performe:i 
at the Mount Sinai Hospital in New York (Gross, L.: Arch. Path. 23: 350 [March] 1987). 

+ The autopsies were limited to children with contagious diseases. 


? The autopsies were limited to infants and children. 


TABLE 2.—Frequency of Congenital Cardiac Anomalies Found Among 3,300 
Consecutive Autopsies at the Institute of Pathology, University 
Hospitals of Cleveland (1929-1939) 











Anomaly Number of Cases 

TORIES OTEIS DOING. o.oo cise c ncsinsccccccccecss cece ccbccccccvccccctevecccces 18 
NN IE IE, dns bacvcoes shade caseccewonseacanes os 16 
Patent interventricular septum................-.-+... aaa 14 
I A UN NE WO soos uve keno ecepedtnccvessestoctaccess 13 
i iG ood n cies <p he eehie-bakorsaches sthescensteusitetbes 11 
reas bade nt apeaceoesesncescstcadererecbésecuerenese 7 
I SD iy vin 0 n.09 dn WSs ¥ 95 Vebibaipebeeesds ves obaveesebecees 7 
ee ain n a cba 256.9503 a4S59 50m Fo004s Ch adhS LODO eee 5 
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whether they occurred in combination with other anomalies or whether 
they were of primary or secondary importance, and then the most 
common lesions were tabulated in the order of frequency (table 2). 
Instances of anatomically patent foramen ovale in patients of all ages 
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and of patent ductus arteriosus in infants 2 months or less of age were 


excluded.*? The congenital bicuspid aortic valve, occurring in 18 cases, 
was the most common single cardiac anomaly, followed by coarctation 
of the aorta in 16 and a patent interventricular septum in 14. Mal- 
formations were more frequent in the aortic valve than in any other 
valve. The pulmonary valve was bicuspid in 6 cases and had a super- 
numerary cusp in 5, while there were 5 cases of a two-cusped right 


atrioventricular valve and 2 of a tricuspid left atrioventricular valve 


REPORT OF CASES 
In the present study the cases have been divided into two groups 
Group I consists of 9 cases in which the patients were newborn, infants 
and children, while group II comprises 9 cases in which the condition 


occurred in adults. 


Fig. 1—Diagram illustrating the nomenclature of the aortic valve. LC, left 
coronary cusp; RC, right coronary cusp, and P, posterior, or noncoronary, cusp; 1, 
left coronary-right coronary commissure; B, right coronary—posterior commissure ; 
C, left coronary-posterior commissure; /c, left coronary artery; rc, right coronary 
artery. 


For convenience, the aortic cusps will be designated according to the 
situation of the ostiums of the coronary arteries as the left coronary 
(L C), the right coronary (R C) and the noncoronary, or posterior (P), 


cusps. The left coronary-right coronary commissure will be referred 
to as commissure A, the right coronary—posterior commissure as com- 
missure B and the left coronary—posterior commissure as commissure C, 


as explained in the legend to figure 1. 


2. Anatomically patent foramen ovale was observed in approximately 15 per 
cent of all autopsies. Unless unusually large, a patent ductus arteriosus was con- 
sidered abnormal only after the second postnatal month 
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GROUP 1 
Case 1.—A 2% year old white boy died of severe rickets and acute bronchiolitis. 
The heart weighed 55 Gm. (expected weight 68 Gm.*) and was normal except 
for a bicuspid aortic valve (fig. 2). This consisted of a conjoined left and right 
coronary cusp, 1.4 crn. in length, and a noncoronary cusp, 1.2 cm. long. Commissure 
A was replaced by a slightly elevated ridge of firm tissue, 8 by 2 by 1.5 mm., 
which divided the conjoined cusp unequally into a small left coronary and a larger 
right coronary segment. The ridge extended from the upper level of the sinus 
of Valsalva to within 1 mm. of the floor of the sinus, where it divided into a right 
and a left lateral subsidiary branch. These pursued a short oblique course toward 
the free margin of the conjoined cusp. Commissures B and C were normal. Both 
aortic cusps showed slight fleshy thickening. 
No microscopic sections of the aortic valve were made. 





Fig. 2 (case 1)—Bicuspid aortic valve in a 2% year old white boy. There 
is a congenital ridge at commissure A which divides the conjoined cusp of the 
aortic valve unequally into a small left coronary and a larger right coronary 
segment. In this figure and in the accompanying figures, A represents the left 
coronary-right coronary commissure, B the right coronary—posterior commissure 
and C the left coronary—posterior commissure, while /c and rc indicate the ostiums 
of the left and the right coronary artery, respectively. 


Case 2—A 1 day old white boy died of acute purulent meningitis complicating 
meningomyelocele. 

The heart weighed 35 Gm. (expected weight 23 Gm.). The aortic valve 
measured 2.5 cm. in circumference and consisted of two well formed cusps, equal 
in length. These were a right and a left coronary cusp, each showing in its sinus 
of Valsalva the ostium of the corresponding coronary artery. There was no 
vestige of a third cusp or of a congenital ridge. Both cusps showed slight nodular 
thickening of the free margins. 

No microscopic sections of the aortic valve were made. 


3. Expected weights of the hearts in this group of cases were obtained from 
Roessle and Roulet (Mass und Zahl in der Pathologie, in Aschoff, L.; Elias, H.; 
Eppinger, H.; Sternberg, C.. and Wenckebach, K. F.: Pathologie und Klinik in 
Einzeldarstellungen, Berlin, Julius Springer, 1932, vol. 5). 
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Case 3.—A white boy 9 weeks of age had clinical diagnoses of bronchopneu- 
monia and idiopathic hypertrophy of the heart. 

The heart weighed 77 Gm. (expected weight 25 Gm.) and was the seat of 
diffuse fatty degeneration. The aortic valve consisted of two cusps, a left coronary 
and a combined right coronary and posterior cusp. The latter was approximately 
twice the size of the former and was bisected evenly at commissure B by a long 
low ridge with sharply defined, parallel lateral borders and a smooth, round outer 
surface. There was marked retraction of the ventricular aspect of the conjoined 
cusp opposite the ridge. Commissures A and C were normal. 

Microscopic sections of the aortic valve showed no vascularization and no 
inflammation. There was marked irregular fibrous thickening of the cusps, 
especially of the fibrosa layer. The congenital ridge was not examined histo- 
logically. 

Case 4.—The child was a newborn full term white boy. 

The heart weighed 40 Gm. (expected weight 23 Gm.) and showed numerous 
congenital anomalies (table 3). The aortic valve was composed of two thin and 
delicate cusps, equal in length. One was a conjoined right and left coronary cusp, 
subdivided evenly at commissure A by a narrow longitudinal ridge, 5 by 0.8 by 0.8 


Fig. 3 (case 4).—The anomaly in a newborn white boy. The combined left 
and right coronary cusps of the aortic valve are bisected by a congenital ridge at 
commissure A. Note the small subsidiary ridges at the termination of the main 
ridge. 


mm. (fig. 3). The ridge projected slightly from the aortic wall of the sinus 
of Valsalva and extended from the upper level of the sinus to its floor, where 
it terminated by dividing into several small branches. Its outer surface was 
smooth and rounded and showed no fissure or raphe. There was no retraction 
of the ventricular surface of the conjoined cusp. 

Serial transverse microscopic sections of the congenital ridge revealed no vas- 
cularization or inflammatory change. The first 2.5 mm. showed dense elastic 
fibers continuous with those of the aortic media. Superficially and at the sides 


4. Microscopic sections of the congenital ridges were studied with the hema- 
toxylin and eosin stain, with the Verhoeff and the Weigert technic for elastic 
tissue and with the combined Verhoeff and Van Gieson methods for elastic and 
connective tissue. The descriptions in the text are based largely on the stains 
for elastic tissue, since they showed clearly the distribution of the aortic media in 
the ridge and the relation of the media to the annulus fibrosus. 
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and base of the ridge the elastic laminas were parallel, while in the midportion 
they showed an irregular whorling pattern. Halfway down the ridge the elastica 
in the central portion began to be replaced by collagenous connective tissue of the 
annulus fibrosus. As the elastic fibers thinned out they maintained a position 
superficial to the annulus, and finally only a single subendocardial band of elastica 
could be traced across the ridge. The overlapping junction of the media and the 
annulus fibrosus occupied a distance of 1 mm. 

The subsidiary ridges consisted of a superficial layer of dense collagenous 
connective tissue, which was moderately cellular, and a basal layer of loose, 
myxomatous-like tissue. 


Case 5.—The child was a newborn full term white girl. 

The heart weighed 26 Gm. (expected weight 21 Gm.) and was normal except 
for a congenital bicuspid aortic valve. This consisted of a combined right coronary 
and posterior cusp, 1.5 cm. in length, and a smaller left coronary cusp, 0.9 cm. 
long (fig. 4a). The conjoined cusp was evenly subdivided at commissure B by 
a congenital ridge and showed marked retraction on its ventricular aspect opposite 
the ridge. At the apex of the retracted area was a hemangiomatous nodule, 
2 mm. in diameter. Each coronary ostium was situated as usual at the upper 
border of the sinus of Valsalva of its corresponding cusp. Commissures A and C 
were normal. 

The congenital ridge measured 3 by 1 by 1 mm. and consisted of a slightly 
elevated longitudinal fold of aorta with parallel lateral borders and a smooth, 
symmetrically rounded outer surface. At its termination in the floor of the sinus 
of Valsalva there were lateral subsidiary branches as well as a small fleshy fold of 
connective tissue, which continued directly forward almost to the free margin 
of the cusp. The triangular portion of free cusp bounded by the lateral rami 
and the free margin showed slight thickening, while the rest of both cusps was 
thin and delicate. 

Longitudinal microscopic sections of the congenital ridge showed that it was 
composed of aortic media, which extended the entire length of the ridge down to 
ihe attachment of the cusp (fig. 45). At the base of the ridge the annulus 
fibrosus sent a tongue-shaped projection of tissue upward for a distance of 0.8 mm., 
which was overlapped both superficially and deeply by the elastica. The deep 
elastic fibers extended to a lower level than the superficial elastica. 


Case 6.—An 8 year old white boy died of extensive subarachnoid hemorrhage, 
due to a ruptured congenital aneurysm of the circle of Willis. 

The heart weighed 175 Gm. (expected weight 113 Gm.). There was hyper- 
trophy of both ventricles, especially of the left, but otherwise the myocardium 
was not remarkable. The aortic valve was composed of two cusps, one of which 
represented a conjoined left and right coronary cusp. This was exactly bisected 
by a narrow ridge of firm tissue extending from the upper limit of the sinus of 
Valsalva to the free margin of the cusp. The coronary ostiums were placed to 
either side of the ridge in their usual positions. Commissures B and C showed 
no abnormality. There was slight thickening of the free margins of the cusps. 

No microscopic sections of the aortic valve were made. 




















Fig. 4 (case 5).—Congenital bicuspid aortic valve in a newborn white girl 
(a) Commissure B shows a congenital ridge. The lateral borders of this ridge 
appears to converge because of the angle at which the photograph was taken, but 
actually they were parallel. (b) Longitudinal section of the congenital ridgé 
(Verhoeff elastic stain, x 15). The ridge shows dense elastic laminas derived 
from the aortic media. At its base the annulus fibrosus (AF) is overlapped both 
superficially and deeply by elastica, and the deep elastic fibers extend to a lower 
level than the superficial. There is a hemangiomatous nodule at the free margin 


of the cusp. 
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Case 7.—A white girl 9 months of age died of bronchopneumonia. 

The heart weighed 66.5 Gm. (expected weight 36 Gm.). The aortic valve 
consisted of a conjoined left and right coronary cusp, 1.5 cm. in length, and a 
noncoronary cusp, 1 cm. long (fig. 5a). Commissure A was replaced by a con- 
genital ridge which divided the fused cusp unevenly into a left coronary portion, 
0.6 cm. long, and a larger right coronary segment, 0.9 cm. in length. There was 
slight retraction on the ventricular aspect of the conjoined cusp opposite the ridge. 























Fig. 5 (case 7).—The congenital anomaly in a 9 month old white girl. (a) 
Commissure A of the aortic valve is replaced by a congenital ridge which divides 
the conjoined cusp into a left coronary and a larger right coronary segment. In 
this instance the lateral borders of the ridge are converging rather than parallel. 
(b) Transverse microscopic section of the proximal portion of the congenital 
ridge (Verhoeff elastic stain, xX 25). The ridge shows bundles of elastic tissue 
derived from the aortic media, and in the center these have a whorled pattern. 
The anuulus fibrosus is not seen at this level. 


The lateral borders of the ridge were converging in its proximal half and parallel 
in the distal half, which consisted of a narrow fold of fibrous tissue. Both cusps 
were thin and delicate. Commissures B and C were normal. 


KOLETSKY—CONGENITAL BICUSPID AORTIC VALVES = 137 


Serial transverse microscopic sections of the congenital ridge revealed a sym- 
metric architecture with no vascularization or inflammatory change. The first 
millimeter showed numerous elastic lamellae derived from the aortic media, and 
in the central portion of the ridge these had a whorled pattern (fig. 56). At 
the beginning of the narrow segment of the ridge the elastica began to be replaced 
by connective tissue of the annulus fibrosus. The junction of media and annulus 
occupied a distance of 0.5 mm., and the media overlapped the annulus both super- 
ficially and deeply, with the superficial elastica terminating at a lower level. 


Case 8—A white girl 20 months of age died of tuberculous meningitis. 

The heart weighed 80 Gm. (expected weight 54 Gm.). The aortic valve con- 
sisted of two well formed cusps of equal size, each 1.5 cm. in length (fig. 6). 
One of these, the right coronary cusp, was situated to the right and slightly 
anteriorly, and the other, the left coronary cusp, to the left and slightly posteriorly. 
There was no suggestion of a third cusp. The coronary ostiums were situated 
behind their respective cusps, and the right coronary ostium was disovlaced, being 








Fig. 6 (case 8).—The congenital anomaly in a white girl 20 months of age. 
The aortic valve consists of two well formed cusps instead of three. Both cusps 
are thick, fleshy and opaque. 


only 1 mm. from the anterior commissure. Both cusps were thick, fleshy and 
opaque. The commissures were rendered prominent by the presence of elevated 
intimal hyaline plaques of the aorta. The anterior leaflet of the mitral valve 
revealed numerous irregular, flat, yellow atheromatous plaques, from 1 to 5 mm. in 
diameter, on its aortic aspect. 

Longitudinal microscopic sections through the midportion of the right coronary 
cusp showed slight thickening of the fibrosa layer. Otherwise there was no 
significant change. 


Case 9.—A white boy 17 days of age died of bronchopneumonia. 

The heart weighed 40 Gm. (expected weight 24 Gm.). The aortic valve was 
composed of two slightly thickened and opaque cusps (fig. 7).5 One of these was 
1.2 cm. long and represented a fused right and left coronary cusp, while the other 


5. Congenital ridges were present at both commissures A and B. For simpli- 
fication the combined left and right coronary cusp will be considered the conjoined 


cusp. 
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was a noncoronary cusp and measured 0.8 cm. in length. Each coronary ostium 
was situated as usual in the sinus of Valsalva of its corresponding cusp. 
Commissures A and B were replaced by congenital ridges, which were similar 
in appearance and measured 6 by 1 by 0.5 mm. Each projected only slightly from 
the aortic wall of the sinus of Valsalva and extended from a point 1 mm. above the 
sinus to the attachment of the cusp. The outer surface of ridge A was smooth 
in its proximal half, while the distal half was bisected by a longitudinal fissure. 
The ridge at commissure B showed a similar fissure terminally for a distance 
of 1 mm. There were no subsidiary ridges. The ventricular aspects of the cusps 
showed slight retraction opposite each congenital ridge. Commissure C was normal. 
Serial transverse microscopic sections of the two ridges were similar. They 
showed dense elastic lamellae continuous with the aortic media, and these passed 
uninterruptedly across the ridge. The elastica in ridge A began to show replace- 
ment by the annulus fibrosus midway in its course, and the replacement was 
complete 1.5 mm. further down. In ridge B the elastica was continued far down 
the ridge, and the junction between elastica and annulus fibrosus did not begin 
until just before the commencement of the fissure. The elastic tissue was then 
completely replaced within a distance of 0.5 mm. In both ridges the termination 





Fig. 7 (case 9).—The congenital anomaly in a white boy 17 days of age. 
Congenital ridges are situated at both commissures A and B. These project 
uniformly and only slightly from the aortic wall of the sinus of Valsalva and 
have parallel lateral borders. The lower portion of each ridge is bisected by a 
longitudinal fissure. 


of the elastica was superficial to the annulus. Neither ridge showed any 
vascularization or inflammatory change. 


GROUP II 

Case 10.—A 47 year old Negro man died in uremia, due to congenital poly- 
cystic kidneys. 

The heart, the seat of hypertrophy and dilatation, weighed 690 Gm. There 
was no abnormality of the mitral, tricuspid or pulmonary valves. The aortic 
valve consisted of two thickened and opaque cusps. One was a combined right and 
left coronary cusp, 5 cm. in length, and was placed to the right and anteriorly. 
The other (the noncoronary cusp) was situated to the left and posteriorly and 
was 3 cm. long. Both coronary ostiums were found in the sinus of Valsalva cor- 
responding to the larger anterior cusp. There was no suggestion of a third cusp 
or of a congenital ridge. 

Microscopic sections showed marked fibrosis and hyalinization of the cusps at 
the base and near the free margins. There was no vascularization or inflammatory 
change. Sections of the mitral and tricuspid valves revealed no abnormality. 
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Case 11—A 39 year old white housewife had a pathologic diagnosis of 
rheumatic heart disease with mitral, tricuspid and aortic valvulitis and mitral 
and tricuspid stenosis. 

The heart weighed 270 Gm. The aortic valve was composed of two cusps of 
equal size, each 3.8 cm. in length. These were the right and the left coronary 
cusps, and in their sinuses of Valsalva were the ostiums of the right and the left 
coronary artery, respectively. No congenital ridge was present. Both cusps were 
moderately thickened throughout and showed a few calcific nodules both at the 
base and at the free margin. There were no adhesions at the commissures 

Microscopically the cusps showed marked fibrous thickening and hyalinization, 
especially in the vicinity of the commissures, but there was no vascularization or 
cellular exudate. The mitral and tricuspid leaflets also showed fibrous thickening, 
and in the mitral leaflet there were small, thick-walled blood vessels extending 
from the base almost to the free margin. 


Case 12.—A 26 year old white man died of bilateral bronchopneumonia and 
multiple abscesses of the lung. 

The heart weighed 275 Gm., and the only abnormality was a congenital bicuspid 
aortic valve. This was composed of two well formed but slightly thickened cusps, 
each measuring 3 cm. in length. One was placed to the right and anteriorly and 
contained the right coronary ostium in its sinus of Valsalva, while the other was 
situated to the left and posteriorly and showed the left coronary ostium in its 
sinus. No congenital ridge was present. Both the circumference of the ring of 
the valve and that of its free margin measured 6 cm. The commissures showed 
no significant change. 

Microscopic sections revealed slight fibrous thickening and hyalinization of 
the annulus fibrosus and of the fibrosa layer of the cusps. No vascularization or 
inflammatory exudate was present. 


Case 13.—A 52 year old white man had clinical diagnoses of aortic stenosis, 
probably rheumatic in origin, and cardiac failure. 

The heart, the seat of hypertrophy and dilatation, weighed 550 Gm. The 
orifice of the aortic valve was slitlike, measuring 2 cm. in length and only 1.5 mm. 
in width. The valve consisted of two cusps of equal length, each measuring 2.5 cm. 
One was situated to the right and anteriorly and the other to the left and 
posteriorly. Both were markedly thickened and calcified and were rigid and 
immobile. Areas of atheromatous ulceration were present on the ventricular and the 
aortic aspect, and the sinuses of Valsalva were partly filled with large nodular 
calcific excrescences. 

There was a congenital ridge at the site of commissure A (fig. 8a) which 
subdivided the conjoined right and left coronary cusp into two equal parts. The 
ridge resembled a hemicylindric elevation of aorta which projected slightly and 
uniformly into the sinus of Valsalva. Its lateral borders were parallel, and the 
outer surface was smooth and rounded with no fissure or raphe. It measured 
4 by 1 by 1 mm. and extended from a point 3 mm. below the upper limit of 
the sinus of Valsalva to the floor of the sinus, where it was crossed by an S-shaped, 
pale gray, calcified fold of tissue. Beyond this, the main ridge was continued to 
the free margin of the cusp in the form of a smaller ridge, the surface of which 
was studded with calcified nodules. The ventricular aspect of the combined cusp 
showed no retraction. 

Serial transverse microscopic sections were made of the congenital ridge. The 
proximal half showed considerable elastic tissue arranged in parallel lamellae in all 
but the central portion, where there were whorling and irregularity (fig. 8/). 
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Beneath the elastica, which extended down to the attachment of the cusp before 
disappearing, was the annulus fibrosus, occupying the lower half of the ridge. The 
annulus was densely hyalinized, as was the small ridge on the aortic aspect of 
the conjoined cusp, which showed numerous calcific nodules. Throughout the ridge 
there was no vascularity or cellular exudate. 

















Fig. 8 (case 13).—(a) Extensive calcific sclerosis of the aortic valve in a 52 
year old white man. A typical congenital ridge is shown in lateral view at com- 
missure A. Note the uniform projection into the sinus of Valsalva throughout 
its course, which is parallel with the long axis of the aorta. The ridge is not 
involved by the calcific disease. (b) Transverse section of the proximal portion 
of the congenital ridge (Verhoeff elastic stain, x 20). Elastic laminas pass unin- 
terruptedly across the ridge in parallel fashion except in the center, where there 
are whorling and irregularity. At the base of the ridge the elastica shows begin- 
ning replacement by the connective tissue of the annulus fibrosus (AF). 
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Longitudinal sections of the cusps showed marked fibrosis and hyalinization of 
all layers, especially the fibrosa, with numerous nodules of calcium and several 
areas of bone formation, one of which revealed a fatty marrow. The ring of 
the valve was vascularized and showed lymphocytic exudate. In the free portion 
near the spicules of bone there were numerous capillaries and arterioles together 
with infiltration of lymphocytes, plasma cells and monocytes. 

Numerous sections of various portions of the heart, including the mitral, tri- 
cuspid and pulmonary valves, showed no evidence of chronic or healed rheumatic 
disease. 


Case 14.—A 58 year old white man died of confluent bronchopneumonia. 


The heart weighed 300 Gm., and the only significant lesion was in the aortic 
valve. This was composed of two cusps. The larger, which represented a 
combined right coronary and noncoronary cusp, was situated to the right and 
showed the orifice of the right coronary artery in its sinus of Valsalva. The 
smaller cusp was placed to the left, and in its sinus was the ostium of the left 
coronary artery. Both cusps were thick and opaque, and their aortic aspects 
were studded with hard calcified nodules, which extended from the base to the free 
margin. 

Microscopic sections showed considerable thickening of the cusps in all layers 
by mature connective tissue, portions of which were hyalinized and contained areas 
of calcification. Vascularization was limited to the ring of the valve, and there 
was no leukocytic exudate. Sections of the mitral valve showed no abnormality. 


Case 15.—A 43 year old white man died of peritonitis following rupture of 
the appendix. Clinical diagnoses of congenital heart disease and gout were also 
made. 

The heart, the seat of hypertrophy and dilatation, weighed 700 Gm. There 
were several congenital anomalies (table 3, group II). The aortic valve consisted 
of two cusps instead of three. One was situated to the right and anteriorly and 
was slightly larger than the other, which was placed to the left and posteriorly 
The former presented the ostium of the right coronary artery in its sinus of 
Valsalva, while the latter showed the opening of the left coronary vessel. Ther« 
were slight adhesions at both the anterior and the posterior commissure. Both 
cusps were irregularly thickened and shortened, and small calcified nodules were 
deposited along the base on their aortic aspects. There was slight calcification 
of the rings of the mitral, pulmonary and tricuspid valves. 

No microscopic sections of the valves were made. 


Case 16.—A 38 year old white man had clinical and pathologic diagnoses of acute 
pancreatic necrosis and bronchopneumonia. Physical examination did not reveal 
any abnormality of the heart. 

The heart weighed 450 Gm., the enlargement being due chiefly to hypertrophy 
of the left ventricle. The mitral, tricuspid and pulmonary valves showed no 
abnormality. The aortic valve consisted of two cusps, which were thick, fleshy 
and opaque (fig. 9a). One was a conjoined right coronary and posterior cusp, 
4.5 cm. in length, while the other was a left coronary cusp, 2.5 cm. long. The 
conjoined cusp was subdivided evenly by a congenital ridge situated at com- 
missure B and measuring 12 by 2 by 2 mm. The outer surface of the ridge was 
smooth and rounded except at its termination, where it was slightly irregular 
owing to the presence of small calcific nodules. The outer free portion of con- 
joined cusp adjacent to the ridge showed fibrous thickening and calcification. 

Longitudinal microscopic sections of the entire congenital ridge showed dense 
bundles of parallel elastic laminas continuous with those of the aortic media and 
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extending down practically to the attachment of the cusp, a distance of 1 cm. 
(fig. 9b). The elastica began to be replaced by the annulus fibrosus about 5 mm. 
from the beginning of the ridge, and in its terminal portion it was superficial to 
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Fig. 9 (case 16).—Congenital bicuspid aortic valve in a white man aged 38. 
(a) The right coronary and the posterior aortic cusp form a conjoined cusp with 
a congenital ridge at commissure B. There are fibrous thickening and calcification 
at the termination of the ridge and in the adjacent free portion of the cusp. (b) 
Longitudinal section of the congenital ridge (Verhoeff elastic stain, x 25). The 
ridge shows dense bundles of elastic tissue extending almost to the insertion of 
the cusp. At its termination the elastica is superficial to the annulus fibrosus (AF). 
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the annulus. There was fibrous thickening of the annulus, and its distal segment 
showed several calcified nodules. There were also fibrosis and hyalinization of 
the cusps, but no vascularization or inflammation was found. The ridge showed 
no vascularity or exudate. 

Numerous sections of the heart, including the mitral, pulmonary and tricuspid 
valves, showed no evidence of rheumatic disease. 


Case 17.—A white man aged 39 had a clinical diagnosis of rheumatic heart 
disease with aortic stenosis and mitral insufficiency. There was a history of one 
attack of acute rheumatic fever at the age of 10 years. 
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Fig. 10 (case 17).—Extensive calcific sclerosis of the aortic valve in a white 
man aged 39. There are congenital ridges at commissures A and B, with distinct 
triangular retractions opposite them on the ventricular aspect of the cusps. 


The heart weighed 550 Gm., and the enlargement involved essentially the left 
ventricle. The mitral, tricuspid and pulmonary valves showed no abnormality. The 
aortic valve was composed of two thick and calcified cusps, which were rigid and 
immobile (fig. 10). One was situated to the right and slightly anteriorly and 
measured 3.5 cm. in length, while the other was placed to the left and posteriorly 
and was 2.5 cm. long. There were areas of atheromatous ulceration on both the 


6. The combined left coronary and right coronary cusps will be considered as 
the conjoined cusp. In this case and in case 9 the aortic valve was actually 
monocuspid. 
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ventricular and the aortic aspects near the free margin. The orifice of the valv: 
was a narrow slit, 2 cm. long and only 3 mm. in width. 

At commissure A there was an elongated ridge of firm tissue, 6 by 2 by 1 mm 
This extended down from the upper level of the sinus of Valsalva, the lateral 
portions of the adjacent coronary cusps inserting at its termination. There was 
a distinct triangular depression opposite the ridge on the ventricular aspect of 
the conjoined cusp. The coronary ostiums occupied their usual positions to either 
side of the ridge. Commissure B was the site of a similar ridge, which projected 
only 0.5 mm. into the sinus of Valsalva throughout its length. Its outer surface 
was smooth and symmetrically rounded and showed no fissure. The ridge bisected 
the combined right coronary and posterior cusp evenly, the ventricular aspect of 
the cusp showing a distinct triangular retraction. Commissure C was normal. 

Serial transverse microscopic sections of the ridges were similar. Bundles 
of elastic tissue were elevated into the ridge from the aortic media and were 
parallel except in the central portion, where there was distinct whorling. This 
was more marked in ridge B. In each ridge the media descended to the attach- 
ment of the cusps. In ridge A the annulus fibrosus was only 1 mm. in extent and 
was situated superficially in relation to the elastic tissue. In commissure B the 
annulus sent a projection of fibrous tissue 2.5 mm. long upward from the base 
of the ridge, and this was overlapped by superficial and deep extensions of the 
elastic media, both of which terminated at the attachment of the cusps. 

Sections of the aortic cusps revealed marked fibrosis, hyalinization and calcifica- 
tion, especially of the ventricularis and spongiosa layers, together with vasculariza- 
tion and lymphocytic exudate. The ring of the valve was also vascularized and 
showed infiltration of lymphocytes. Sections of the mitral valve revealed no 
inflammation, but there were several thick-walled small arteries and arterioles in 
the auricularis and spongiosa layers. The tricuspid and pulmonary valves showed 
no abnormality. 


Case 18.—The clinical data of this case are not available. 

The heart, the seat of hypertrophy and dilatation, weighed 500 Gm. The 
mitral, tricuspid and pulmonary valves revealed no significant gross change. The 
aortic valve consisted of two cusps, 3.5 and 3 cm. in length, respectively (fig. 11). 
The larger was a combined left and right coronary cusp, which was evenly bisected 
by a congenital ridge, and the smaller was the noncoronary cusp. The coronary 
ostiums occupied their usual positions in the sinuses of Valsalva of the conjoined 
cusp. Commissure A was replaced by a slightly elevated hemicylindric ridge with 
parallel lateral borders, measuring 12 by 15 by 1 mm. For the first 8 mm. its 
outer surface was smooth and rounded and showed no fissure; then for the remain- 
ing 4 mm. there was a median longitudinal fissure. Lateral rami arose from the 
ridge terminally, while the main ridge was continued halfway to the free margin 
of the cusp as a small, slightly elevated fold, 5 mm. in length. There were 
numerous friable, grayish red vegetations on the aortic and ventricular aspects of 
both cusps near their free margins, and these were firmly attached to the underlying 
endocardium. The congenital ridge was not involved by the inflammatory process. 
Commissures B and C were normal. 

Longitudinal microscopic sections of the congenital ridge revealed parallel 
elastic lamellae in the first 7 mm. For the next 5 mm. the elastica was in contact 
with the annulus fibrosus, which it overlapped with both superficial and deep 
projections. These terminated at the same level. No portion of the ridge showed 
vascularization or cellular exudate. 

Sections of the aortic cusps showed numerous bacterial vegetations near the 
free margin, with organization at their base. There were also diffuse leukocytic 
exudate and vascularization,: especially of the ventricularis layer. Sections of 
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the mitral valve showed areas of lymphocytic and polymorphonuclear exudate as 
well as numerous arterioles and capillaries in the auricularis layer near the free 


margin. 


SUMMARY OF EIGHTEEN CASES OF CONGENITAL BICUSPID 
AORTIC VALVE 


The data with regard to age, sex and color, together with the clinical 
diagnoses and the associated cardiac and extracardiac anomalies, are 
recorded in table 3. 
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Fig. 11 (case 18).—Subacute bacterial endocarditis of the aortic valve. The 
congenital ridge at commissure A is typical except for the longitudinal fissure in 
its lower portion. The ridge is not involved by the inflammatory process. 


1, Age, Sex and Color.—In 7 of the 9 cases in group I the condition 
occurred in infants 20 months of age, or less, and 3 of these were new- 
born. In 1 case the patient was a 2% year old boy and in 1 an 8 year 
old boy who died of cerebral hemorrhage due to a ruptured congenital 
aneurysm of the circle of Willis. Among the adults the youngest was 
26 and the oldest 58. Seven of the patients were over 35 years of age. 








TABLE 3.—Congenital Bicuspid Aortic Valves 








Age; 
Sex; Clinical Other Oardiac Extracardiac 
Case Color Diagnosis Anomalies Anomalies 


Group I: Newborn and Other Infants and Children (9 Cases) 


2% years Severe rickets with None None 
Male osteoporosis; 
White cirrhosis of liver; 

secondary anemia 
1 day Meningocele; acute Bicuspid pulmonary valve Meningomyelocele; 
Male suppurative menin- talipes equinovarus; 
White gitis supernumerary tragus 


9 weeks Bronchopneumonia None None 
Male 
White 
Newborn Congenital heart dis- Complete transposition of Meckel’s diverticulum 
Male east great arterial trunks; of ileum; harelip; 
White coarctation of aorta; cleft palate 
patent interventricular 
septum 
Newborn Not known Coarctation of aorta; _ None 
Female large patent ductus 
White arteriosus 


8 years Subarachnoid hemor- Coarctation of aorta Congenital aneurysm 
Male rhage of circle of Willis 


White 

9months Bronchopneumonia Defect in septal leaflet of None 
Female mitral valve; superior vena- 

White cava on left side 


20 months Tuberculous menin- Persistent ostium primum None 
Female gitis of interatrial septum 
White 
17 days Bronchopneumonia Interventricular septal None 
Male defect; coarctation of 
White aorta; bicuspid tricuspid 

valve 


Group II: Adults (9 Cases) 
47 years Congenital polycystic Aneurysm of membranous Congenital polycystic 
Male kidneys; uremia portion of interventricular kidneys; congenital 
Negro septum cysts of liver 


39 years Rheumatic heart None None 
Female disease 
White 


26 years Bronchopneumonia None None 
Male 
White 


52 years Rheumatic heart None None 
Male disease with aortic 
White stenosis 


58 years Bronchopneumonia Meckel’s diverticulum 
Male 
White 
43 years Ruptured appendix; Coarctation of aorta; inter- Meckel’s diverticulum; 
Male peritonitis ventricular septal defect; congenital diverticu- 
White patent ductus arteriosus; lum of urinary 
anomalous pulmonary vein bladder 
entering coronary sinus 


37 years Acute pancreatitis None None 
Male 

White 

39 years Rheumatic heart None 
Male disease with aortic 

White stenosis 


Data not available Not known 
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There was marked predominance of males over females. Of the 9 
children in group I, 6 were males, while only 1 of the 9 adults was a 
female. 

In only 1 of the 18 cases did the condition occur in a Negro, a man. 

2. Associated Cardiac Anomalies—In 7 of the 9 cases occurring 
among infants and children, there were 1 or more coexisting cardiac 
anomalies of the heart. In contrast, 7 of the 9 adults showed no other 
cardiac malformation. Coarctation of the aorta was the most frequent 
associated deformity, being present in 5 of the cases, while a patent 
interventricular septum was present in 3 instances and a patent ductus 
arteriosus in 2. In only 1 case, that of a newborn white girl, was there 
an associated anomaly probably incompatible with life, namely, complete 
transposition of the great arterial trunks. In 1 case there was a 
coexisting bicuspid pulmonary valve. 

3. Associated Extracardiac Anomalies.—Table 3 shows that the con- 
genital bicuspid aortic valve was not associated with any particular type 
of extracardiac anomaly. In 6 of the 18 cases there were congenital 
malformations outside the heart, and these ranged from a Meckel’s 
diverticulum of the ileum, which occurred in 3 cases, to such serious 
anomalies as meningomyelocele, aneurysm of the circle of Willis and 
congenital polycystic kidneys. 

4. Gross Structure of the Congenital Bicuspid Aortic Valve-——Seven 
of the 18 aortic valves were composed of two.cusps instead of three. In 6 
of these one cusp was situated to the right and slightly anteriorly and 
showed the right coronary ostium in its sinus of Valsalva, while the other 
was placed to the left and posteriorly and revealed the left coronary 
opening in its sinus. In 4 cases the two cusps were equal in size, while 
in 2 instances the right coronary cusp was slightly larger than the left. 
Only 1 valve showed marked inequality in size of the two cusps, which 
measured 5 and 3 cm. in length, respectively. The larger cusp was 
situated to the right and anteriorly, and both the right and the left 
coronary ostium were found in its sinus of Valsalva. 

Eleven bicuspid aortic valves showed a conjoined cusp subdivided 
by a congenital ridge. The data with regard to the location, dimensions 
and nature of the congenital ridges are shown in table 4, while table 5 
records similar data with respect to the cusps. 

The congenital ridge was situated at commissure A in 6 cases, at 
commissure B in 3 cases and at both commissures A and B in 2 cases. 
There was not a single instance of a congenital ridge at the site of 
commissure C, 

Grossly the congenital ridges were similar in appearance. Each 
consisted of a narrow longitudinal fold of tissue which projected uni- 
formly into the sinus of Valsalva and extended in the long axis of the 
aorta from the upper limit of the sinus to its floor. The lateral borders 
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were parallel, and the outer surface was smooth and symmetrically 
rounded and showed no fissure or raphe in its proximal portion. The 
ridges began at the upper level of the sinus in all but 2 instances, in 


TABLE 4.—Nature of the Ridge in Congenital Bicuspid Aortic Valves 








Location 
(Commissure Dimensions,* Lateral Position in Subsidiary 
Case Involved) m. Borders Sinus of Valsalva Ridges 


A 8x2x15 Parallel Projects slightly Present 
and uniformly from 
aortic wall of sinus 


B Not known Parallel Same as in case 1 Present 
A 5 x 08 x 0.8 Parallel Same as in case 1 Present 
B 3x1xl1 Parallel Same as in case 1 Present 
A Data not available 
A 12 x 0.5 x 0.5 Not parallel Same as in case 1 Present 
Aand B 6x1x 05 Parallel Same as in case 1 Present 
A 4x1x1l1 Parallel Same as in case 1 Present 
B 122x2x2 Parallel Same as in case 1 Present 
A: 3x1 Parallel Same as in case 1 None 
B: 2x 0.5 : 
A 12 5x1 Parallel Same as in case 1 Present 





* These dimensions are always given in the following order: length, width, height. 


TABLE 5.—Description of Cusps in Congenital Bicuspid Aortic Valves 








Location Relative Size 
and of Segments of Retraction on 
Location Size of Ventricular 
Second 


> 


Cm. Ous Nature of the Cusps 


LO and RO, 1.4 y Not known Slightly thickened 
RC andP, 1.2 7 Marked Very thick 
LO and RO, 0.8 t None Thin and delicate 


ROand P, 1.5 yl Marked Thin and delicate ex- 
cept adjacent to ridge 


LC and RO, Not Not known Slightly thickened 
known known 


LO and RO, 1.5 J Slight Thin and delicate 
LO and RO, 1,2 . Moderate Moderately thickened 
ROandP, 14 


LO and RO, 2.5 i None Seat of marked cal- 
cific sclerosis 


RCOandP, 4.5 Thickened; seat of 

early calcific sclerosis 
LO and RO, 4.2 Seat of marked cal- 
RC andP, 35 cific sclerosis 


LO and RO, 3.5 Thickened; seat of 
bacterial endocarditis 





which the origin was 1 mm. above and 3 mm. below the sinus, respec- 
tively. Terminally the main ridge was sometimes continued directly 
forward almost to the free margin of the cusp by a thin elevated ridge 
of fibrous tissue. In 2 cases the distal portion of the ridge showed a 
median longitudinal fissure. In 1 instance the lateral borders were 
converging rather than parallel. 
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A characteristic feature of the congenital ridge was its slight pro- 
jection into the sinus of Valsalva. In 7 of the 9 cases the ridge was 
only 1 mm. or less in height, while in 2 it was 1.5 and 2 mm. in height, 
respectively. 

In 8 cases the conjoined cusp was longer than the second cusp; in 
2 cases these cusps were equal in size, while in 1 case information as to 
respective sizes was not available. The conjoined cusps were exactly 
bisected by the congenital ridge in all but 2 cases. Both of these were 
of combined left and right coronary cusps, and the left coronary segment 
was the smaller in each instance. The sweep of the ventricular aspect 
of the conjoined cusp was uninterrupted in 4 cases, while in 3 instances 
there was marked triangular retraction opposite the ridge and in 2 cases 
slight to moderate retraction. 

5. Histologic Character of the Congenital Bicuspid Aortic Valve — 
When no superimposed organic disease was present, the valves con- 
sisting of two cusps with no subdividing ridge revealed a normal 
histologic picture, except for the presence of a thick fibrosa layer. 

In the valves presenting a conjoined cusp subdivided by a congenital 
ridge, the latter was of chief interest histologically. Its proximal portion 
showed abundant elastic tissue derived from and continuous with that 
of the aortic media. The elastic lamellae passed uninterruptedly across 
the ridge and were parallel except for the central portion, where there 
were whorling and irregularity. 

The junction between elastica and annulus fibrosus occurred in the 
distal segment of the ridge and usually consisted of an irregular, inverted 
V-shaped mass of connective tissue overlapped both superficially and 
deeply by the media. In 3 such cases the superficial elastica terminated 
at a lower level in the ridge than the deep portion; in 2 cases the deep 
fibers were lower, while in 2 others the lower levels were approximately 
the same. In 2 cases the terminal segment of elastica was entirely 
superficial to the annulus fibrosus and there was no deep overlap. 
Elastic fibers frequently extended down to the attachment of the cusp. 

The annulus fibrosus consisted of dense, relatively acellular bundles 
of collagenous tissue arranged in a slightly irregular manner. The sub- 
sidiary ridges were composed of connective tissue both of dense 
collagenous type, showing slight irregularity, and of a looser mucoid 
variety. 

None of the ridges showed significant vascularization or inflamma- 
tory change. 

6. Relation of the Congenital Bicuspid Aortic Valve to Acquired 
Disease of the Valve——No instances of superimposed organic disease 
were encountered among the congenital bicuspid aortic valves occurring 
in infants and children. Among the 9 adults there were 2 patients with 
no acquired disease, while of the remaining 7, 1 had rheumatic involve- 
ment, 1 subacute bacterial endocarditis and 5 calcific sclerosis. 
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The patient with rheumatic disease (case 11) was a white woman 
aged 39 who gave a twelve year history of cardiac decompensation. 
At autopsy there was chronic aortic, mitral and tricuspid valvulitis with 
mitral and tricuspid stenosis. The aortic valve was composed of two 
cusps instead of three, and these were the seat of fibrous thickening 
and slight calcification. 

Clinical data concerning the case of endocarditis lenta (case 18) are 
not available. Although the endocarditis was limited to the aortic valve, 
there was microscopic evidence of both chronic aortic and chronic mitral 
valvulitis, probably rheumatic, in the form of numerous, thick-walled 
small arteries and leukocytic exudate in the free portions of the valves. 
The congenital ridge itself was not involved by the bacterial disease 
and showed no alteration grossly or microscopically. 

Of the 5 patients with calcific sclerosis, 2 (cases 14 and 15) had 
aortic valves consisting of two cusps with no congenital ridge. The 
aortic lesions were not of clinical significance. In case 14 the heart 
showed no evidence of rheumatic disease, while in case 15 the availa- 
ble material was insufficient to determine the presence of rheumatic 
involvement. 

In 3 cases calcific sclerosis was engrafted on bicuspid aortic valves 
which showed congenital ridges. In 1 (case 16) the condition was an 
incidental finding in a white man aged 38 who died of acute pancreatitic 
necrosis and bronchopneumonia. The calcareous disease was limited to 
a segment of the conjoined cusp at the foot of the congenital ridge, and 
the rest of the valve, although thickened, was uninvolved. In the other 
2 (cases 13 and 17) the patients were white men, aged 52 and 39, 
respectively, both of whom had clinical diagnoses of rheumatic heart 
disease with aortic stenosis. However, only 1, the younger, showed 
evidence of rheumatic disease, which was determined microscopically in 
both the aortic and the mitral valve. In all 3 cases none of the ridges 
was involved by the calcific disease. 


DISTINCTION BETWEEN CONGENITAL AND ACQUIRED BICUSPID 
AORTIC VALVES 


Occasionally the aortic valve becomes the seat of an acquired bicuspid 
deformity. This is produced by complete or almost complete inflam- 
matory fusion of two adjacent cusps in the region of a commissure. 
After organization has occurred the fused commissural raphe is in time 
retracted into the sinus of Valsalva, and the retraction is accompanied 
by partial or almost complete obliteration of the triangular space between 
the fused cusps on their ventricular aspect. This results in the pro- 
duction of a conjoined cusp subdivided by a commissural ridge, and 
the resulting bicuspid valve simulates the congenital lesion. 

The acquired bicuspid valve occurs especially in adults and is 
probably due to rheumatic fever in most instances, although in a few 
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cases it may be of nonrheumatic inflammatory origin. While a purely 
degenerative (i. e., arteriosclerotic) process may conceivably result in 
a bicuspid valve, this is probably rare. Six instances of acquired bicuspid 
aortic valve were found among the 3,300 consecutive autopsies in this 
survey. A gross and microscopic study of these valves was made for 
the purpose of comparison with the congenital lesions. 

Congenital and acquired bicuspid aortic valves are not distinguishable 
by the character of the cusps. For example, the conjoined cusps of both 
lesions are similar; i. e., each is larger than or of the same size as the 
uncombined cusp, each is usually subdivided equally by its ridge, 
although occasionally the segments are unequal, and each may show 
slight to marked triangular retraction on its ventricular aspect opposite 
the ridge. In both lesions there is generally some degree of thickening 
of the cusps. 

The location of the ridge does not necessarily aid in differentiation. 
In this study the congenital ridges were situated most frequently at 
commissure A and less often at commissure B, while all the acquired 
ridges were situated at commissure A. There was not a single instance 
of either a congenital or an acquired ridge at commissure C. 

The presence of other congenital cardiac anomalies makes it more 
likely, but does not necessarily prove, that a given bicuspid aortic valve 
is congenital. Likewise, the presence of inflammatory disease of other 
valves indicates, without necessarily establishing, that the lesion is 
acquired, 

The recognition of each type of bicuspid aortic valve depends essen- 
tially on distinction between a congenital and an acquired commissural 
ridge. In this connection it should be emphasized that even when a 
congenital bicuspid aortic valve becomes the seat of superimposed organic 
disease, the congenital ridge itself is usually not involved and hence 
shows little or no gross or microscopic alteration of its original structure. 
On the other hand, the acquired commissural ridge has a structure 
derived from that of two postnatally fused cusps and altered by chronic 
or healed inflammation. 

In table 6 are shown the gross and the microscopic character of each 
type of ridge. In the acquired lesion the ridge is usually only moderately 
depressed in the sinus of Valsalva and less so distally, near the free 
margin of the cusp, than in the proximal portion, so that when viewed 
laterally its course in the sinus is oblique from above downward. The 
lateral surfaces diverge in the distal portion, which is thus wider than 
the proximal portion. Although the outer surface is frequently smooth 
and rounded, it may show a fissure proximally indicating the line of 
fusion of the two adjacent cusps. In contrast, the congenital ridge 
consists of a sharply outlined, hemicylindric elevation of the aorta in 
the sinus of Valsalva, with parallel lateral borders and a smooth, sym- 
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metrically rounded outer surface. The ridge projects uniformly and 
only slightly into the sinus of Valsalva and descends almost vertically 
from the upper limit of the sinus to its floor. While the acquired 
bicuspid valve may show shortening of the circumference of its free 
margin, the inlet of the valve is usually not reduced in the congenital 
lesion. 

Microscopically, the acquired ridge shows no distinct layer of elastica, 
although a few strands of elastic tissue may be present, especially at the 
sides. It is composed essentially of connective tissue the base of which 


TABLE 6.—Distinction Between Congenital and Acquired Ridges in Bicuspid 
Aortic Valves 








Congenital Ridge Acquired Ridge 
A. Gross Criteria 


Ridge projects only slightly into sinus of Ridge projects farther into sinus of 
Valsalva, and projection is uniform Valsalva, and distal portion shows greater 
throughout its length elevation than proximal 


Course in sinus of Valsalva is vertical Course is oblique and does not parallel 

and in long axis of aorta long axis of aorta 

Lateral borders are sharply defined and Lateral borders are not sharply defined, 

parallel and lateral surfaces usually diverge from 
above downward 


Outer surface is smooth, symmetric Outer surface is not hemicylindric and 
and hemicylindric, with no fissure or may show a fissure in its proximal 
raphe in proximal portion portion 

Subsidiary ridges are usually present at No subsidiary ridges are present 
termination of main ridge 


B. Microscopie Criteria 


There is elevation of aortic media into No significant elastica is present in the 
ridge, together with whorled pattern ridge 
- of elastica and low insertion into 
annulus fibrosus 
Normal aortic media-annulus fibrosus Normal relationship of aortic media to 
relationship is altered annulus fibrosus is preserved 


The architecture is symmetric, owing to Usually no distinct continuity of layers 
—e of the various layers across across ridge is present 


There is no significant vascularization Vascularization and inflammation may be 
or inflammation present 





rests on the aortic media, thus preserving the aortic media—annulus 
fibrosus relationship of the normally developed commissure. The con- 
nective tissue is densely fibrous, hyalinized and relatively acellular. 
Although usually irregular in arrangement, yet in some instances, espe- 
cially in the most proximal segment, it appears to pass across the ridge 
without interruption. The fibrosis is generally so extensive that all 
vestige of the original outline of the two fused cusps forming the ridge 
is lost. Chronic or acute inflammation may be present. Vascularization 
is often absent or difficult to demonstrate in the proximal portion of the 
ridge, but is present in the form of capillaries and arterioles in the distal 
segment. 

In contrast, the congenital ridge shows numerous elastic laminas 
continuous with the aortic media. These are elevated into the ridge 
and pass uninterruptedly: across it in a parallel and symmetric manner 
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except in the central portion, where there are irregularity and whorling. 
The elastica frequently descends to the attachment of the cusp. At its 
junction with the annulus fibrosus the media is superficial to the connec- 
tive tissue, and this is the reverse of the usual relationship. No vascu- 
larization or cellular exudate is present. 


COMMENT 


Abbott’ pointed out’ that the congenital bicuspid aortic valve is 
likely to be accompanied by “minor” anomalies on the left side of the 
so-called acyanotic or cyanose tardive group, such as coarctation of the 
aorta, patent ductus arteriosus and patent interventricular septum. 
Coexisting coarctation is especially frequent. Conversely, among 200 
cases of coarctation of the aorta, Hamilton and Abbott*® found 51 
instances of congenital bicuspid valve. Abbott stated that such serious 
defects as transposition of the great vessels and pulmonic stenosis are 
rarely associated with the valvular anomaly. This is true of the present 
series, in which there was only 1 case of transposition of the arterial 
trunks. 

In 9 cases, i. e., 2 of infants and 7 of adults, no other cardiac 
anomalies were present. Although not yet verified statistically, the high 
incidence of uncomplicated lesions among adults is probably due to 
failure of infants and children with coexisting cardiac or serious extra- 
cardiac anomalies to survive. 

Simple bicuspid valves can readily be identified, but it is difficult 
to distinguish between those forms with congenital fusion and those with 
fusion due to acquired disease. The conjoined cusps themselves, with 
respect to location of fusion, size or general appearance, provide no 
satisfactory data for purposes of distinction, and Osler’s criteria ® based 
on these features are inadequate. The differentiation depends on the 
gross and microscopic character of the congenital ridge and of the 
acquired commissural raphe. The distinguishing features have been 
described in the preceding section. 

In 1923, Lewis and Grant * compared the congenital and the acquired 
lesions with respect to the distribution of the elastic tissue of the aortic 
media and its relation to the annulus fibrosus. The congenital ridge 
was found to contain elastic lamellae derived from the aorta, and in the 


7. Abbott, M. E.: On the Relative Incidence and Clinical Significance of a 
Congenitally Bicuspid Aortic Valve, with Five Iilustrative Cases, in Contributions 
to the Medical Sciences in Honor of Dr. Emanuel Libman by His Pupils, Friends 
and Colleagues, New York, International Press, 1932, vol. 1, p. 1. 

8. Hamilton, W. F., and Abbott, M. E.: Complete Obliteration of the Descend- 
ing Arch at Insertion of the Ductus in a Boy of Fourteen; Bicuspid Aortic Valve; 
Impending Rupture of the Aorta; Cerebral Death, Am. Heart J. $:381, 1928. 

9. Osler, W.: The Bicuspid Condition of the Aortic Valves, Tr. A. Am. 
Physicians 1:185, 1866. 
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center of the ridge these showed a whorling configuration. Further- 
more, the elastica had an abnormally low insertion into the annulus and 
frequently terminated superficial to the annulus. In inflammatory fusion 
the usual commissural aortic media—annulus fibrosus relationship was 
preserved ; that is, the annulus was superficial to the elastica. The work 
of Bishop and Trubek *° substantiated that of Lewis and Grant. 

The microscopic observations in the present study are generally con- 
firmatory of those of Lewis and Grant and of Bishop and Trubek, but 
since sections were made both transversely and longitudinally, the 
1esults provide additional information. Attention is directed to the 
following considerations of the microscopic features of the congenital 
ridge: (J) the presence in the entire proximal portion of elastic tissue 
continuous with the aortic media; (2) the whorling of the elastica seen 
in transverse sections; (3) the descent of the elastic tissue to a low 
level in the ridge, frequently as far as the attachment of the cusp; (4) the 
junction of elastica and annulus fibrosus, this usually taking the form 
of an inverted V with elastic fibers overlapping the annulus both super- 
ficially and deeply (either the superficial or the deep extensions of elastic 
tissue may terminate at a lower level in the ridge), and (5) the absence 
of unusual vascularization and inflammation. The last is of importance 
because even in cases of superimposed organic valvular disease the 
congenital ridge appears not to be significantly altered. In the majority 
of instances the superficial elastica terminated at a lower level than the 
deep elastic tissue. 

Recently Gross ** expressed the belief that practically all bicuspid 
aortic valves in adults are the result of acquired disease. This con- 
clusion was based on the claim that in children the bicuspid valves which 
were undoubtedly congenital differed from those in adults. This view 
is at variance with the results of the present study and could not be 
confirmed. 

Congenital bicuspid aortic valves are of clinical significance only in 
their relation to the development of superimposed organic disease. 
According to the literature bacterial endocarditis is the only disease 
frequently engrafted on these valves. For example, Lewis and Grant,’ 
who found 8 congenital bicuspid aortic valves among 31 consecutive 
cases of subacute bacterial endocarditis, estimated that in 23 per cent of 
all adults with this anomaly bacterial endocarditis develops. In the series 
observed in the present study only 1 of 9 adults showed endocarditis 
lenta. Moreover, the heart was the seat of rheumatic disease, and this, 
rather than the congenital lesion, may have predisposed to the develop- 


10. Bishop, L. F., Jr., and Trubek, M.: Bicuspid Aortic Valve: A Differ- 
ential Study Between Inflammatory and Congenital Origin, J. Tech. Methods 15: 
111, 1936. ; 

11. Gross, L.:' So-Called Congenital Biscuspid Aortic Valve, Arch. Path. 23: 
350 (March) 1937. 





KOLETSKY—CONGENITAL BICUSPID AORTIC VALVES 155 


ment of the endocarditis. This also applies to the hearts studied by 
Lewis and Grant, in most of which the lesions were of rheumatic origin. 
A significant relationship between congenital bicuspid aortic valves and 
endocarditis lenta can be established only when rheumatic heart disease 
is excluded. 

Of the 7 adults with superimposed organic disease, 3 showed rheu- 
matic involvement. In 1 there was gross aortic, mitral and tricuspid 
valvulitis, while in 2 others, i. e., patients with endocarditis lenta and 
calcific sclerosis of the aortic valve, respectively, microscopic examina- 
tion showed rheumatic disease of the aortic and mitral valves. It is also 
possible that 1 or more of 4 other aortic valves with calcific sclerosis 
may have been the seat of isolated and healed rheumatic disease. The 
number of cases available is obviously too small to permit a statement 
as to whether congenital bicuspid aortic valves show a predilection to 
rheumatic involvement. 

Syphilitic aortic valvulitis was not found in this series, but Richter 7? 
reported a case of the association of syphilitic involvement and congenital 
bicuspid aortic valve, and I have observed such a case at another hospital. 

Although there was calcific sclerosis in 5 of the 9 adults in this 
series, 1 had rheumatic disease and the possibility of that or other 
inflammatory disease in the remaining 4 cannot be positively excluded. 
Nevertheless, the possibility that the congenital lesion alone may be 
significant in the development of the calcareous disease deserves further 
consideration. 

The inherent tendency of congenital bicuspid aortic valves to undergo 
degeneration and fibrosis has been pointed out frequently and is attrib- 
uted to the fact that the abnormally developed cusps are composed of 
imperfect or defective tissue. Uncomplicated lesions in adults, and even 
those in infants and children, frequently lack the thin translucent char- 
acter of the normal valve and consist of thickened and fleshy cusps. The 
degeneration and fibrosis are undoubtedly accelerated with age, and in 
older persons, particularly those with an especial tendency to arterio- 
sclerosis, would be prone to lead to the deposition of calcium. 

From my experience it appears likely that the association of calcific 
sclerosis with congenital bicuspid aortic valve is not as rare as a survey 
of the literature would indicate. This seems especially true since a 
certain number of persons with congenital bicuspid aortic valve undoubt- 
edly survive to the period of life when arteriosclerosis is prevalent. 
Both Lewis and Grant? and Bishop, Bishop and Trubek** report 1 


12, Richter, A. B.: Treponema Pallidum in Syphilitic Aortic Valvulitis of a 
Congenitally Bicuspid Valve with Subaortic Stenosis, Am. J. Path. 12:129, 1936. 

13. Bishop, L. F.; Bishop, L. F., Jr., and Trubek, M.: Aortic Stenosis of 
Inflammatory Origin, with a Differential Study of the Acquired or Congenital 
Origin of a Bicuspid Aortic Valve, Am. J. M. Sc. 188:506, 1924. 





156 ARCHIVES OF INTERNAL MEDICINE 


instance of calcific sclerosis in their series of 11 and 9 cases, respectively, 
of congenital bicuspid aortic valve. 


SUMMARY 


In a survey of 3,300 consecutive autopsies, congenital bicuspid aortic 
valve was found in 18 cases (0.54 per cent) and was the most common 
single cardiac anomaly. In 9 cases it occurred in infants and children 
and in 9 adults; 14 of the patients were male and 4 female, and 7 of the 
adults were more than 35 years old. Next in order of incidence were 
coarctation of the aorta (16 cases) and patent interventricular septum 
(14 cases). The most frequent associated cardioaortic anomalies were 
coarctation of the aorta, patent interventricular septum and patent ductus 
arteriosus, but in 9 of the 18 cases the biscuspid aortic valve was the 
only congenital deformity in this region. In 1 instance there was also 
bicuspid pulmonic valve. 

In 7 cases simple bicuspid valves were present, but in 11 instances 
there was congenital fusion of two cusps, the resultant ridge being at 
commissure A in 6 cases, at commissure B in 3 cases and at both com- 
missures in 2 cases; no fusion was found at commissure C. In 9 cases 
the conjoined cusp was larger than the other cusp. The congenital 
ridge divided the conjoined cusp equally in all but 2 cases. Retraction 
of the ventricular aspect of the conjoined cusp opposite the ridge 
occurred in 5 cases. 

So distinctive as to be practically pathognomonic is the gross char- 
acter of the ridge, a narrow, hemicylindric, barlike elevation situated 
at the commissure, directed in the long axis of the aorta and extending 
slightly into the sinus of Valsalva, sharply defined, with parallel borders, 
and devoid of fissures at the proximal portion. The microscopic picture 
is characteristic. The ridge consists almost entirely of elastica, whorled 
centrally and continuous laterally with that of the aortic media; the 
elastica usually overlaps the annulus fibrosus superficially and deeply 
or only superficially. Blood vessels are scanty, and there is no 
inflammation. 

The commissural raphe of acquired bicuspid aortic valve differs in 
that it is constituted largely of relatively acellular collagenous tissue, has 
little or no elastica and shows the presence or residua of other disease. 

Superimposed disease of the aortic valve was not found in any of the 
cases in early life, but in the form of rheumatic involvement, endocarditis 
lenta or calcific sclerosis it was present in 7 of the 9 adults. It is only 
with the greatest rarity that the superimposed disease actually affects the 
congenital ridge. The study also suggests that this congenital anomaly 
may predispose to calcific sclerosis. 





ACQUIRED BICUSPID AORTIC VALVES 


SIMON KOLETSKY, M.D. 
CLEVELAND 


A recent survey of 3,500 consecutive autopsies at the Institute of 
Pathology of the University Hospitals of Cleveland revealed 8 cases of 
acquired bicuspid aortic valve. This paper comprises a study of these 
cases, with especial reference to the cause and significance of the acquired 


bicuspid aortic valve. 
REPORT OF CASES 


Case 1—A 41 year old white man had clinical diagnoses of endocarditis lenta 
and aortic stenosis and insufficiency. There was no history of rheumatic fever, 
although the patient was told by a physician thirteen years prior to admission 
that he had heart disease. The heart was enlarged and revealed a systolic thrill 
at the base, a loud, harsh systolic murmur and a diastolic murmur over the 
aortic area and a systolic murmur at the apex. 

The heart weighed 490 Gm. There were coarse fibrous adhesions between 
the aorta and the pulmonary artery, in the atrioventricular sulcus and between the 
layers of pericardium at the base. Acute fibrinous pericarditis was also present. 
The mitral and tricuspid valves showed slight diffuse thickening. 

The aortic valve consisted of two thickened cusps of equal size with calcific 
nodules projecting from both aortic and ventricular surfaces. There was complete 
fusion of the left and right coronary cusps to form a single conjoined cusp sub- 
divided at commissure A by a depressed, fibrous, calcified raphe, which appeared 
to hold the conjoined cusp rigidly away from the aortic wall so as to cause con- 
siderable stenosis of the ostium. The noncoronary cusp showed friable, poorly 
organized vegetations on both the aortic and the ventricular aspect. 

Microscopic sections of the aortic valve showed calcific deposits in the ring 
and cusp, as well as organizing vegetations characteristic of endocarditis lenta.? 
Sections of the mitral and tricuspid valves revealed chronic and subacute inter- 
stitial valvulitis with fibrosis, vascularization and exudation of leukocytes. Numer- 
ous sections of myocardium showed extensive scarring and both diffuse and focal 
leukocytic infiltration but no definite Aschoff bodies. No sections of the fused 
commissural raphe were made. 


From the Institute of Pathology, Western Reserve University and University 
Hospitals. 

1, The following nomenclature of the aortic valve is used: The aortic cusps 
are designated according to the situation of the coronary arteries as the left 
coronary (LC), the right coronary (RC) and the noncoronary, or posterior, (P) 
cusps. The left coronary-right coronary commissure is referred to as commissure 
A, the right coronary-posterior commissure as commissure B and the left coronary— 
posterior commissure as commissure C. 

2. Microscopic sections were studied with the hematoxylin and eosin stain and 
with the Weigert technic for elastic tissue. 
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Case 2—A 21 year old Negro died on the second day after an appendectomy. 
Physical examination of the heart revealed nothing abnormal. 

The heart weighed 330 Gm., and the only gross pathologic change was a 
bicuspid aortic valve (fig. 11). One cusp was a combined left and right coronary 
cusp, 3.2 cm. long, while the other was a noncoronary cusp, 2.8 cm. in length. 
The conjoined cusp was evenly subdivided at commissure A by a longitudinal 
ridge, measuring 10 by 1 by 2 to 4 mm. (fig. 2) and extending obliquely downward 
from the upper level of the sinus of Valsalva to a point 2 mm. beyond the 
attachment of the cusp. The outer surface was smooth and rounded and showed 
a longitudinal fissure in its middle half. In this region there was retraction of 
the right coronary cusp, so that the free margin and outer portion of the raphe 
were formed entirely by the left coronary cusp. There was irregular fibrous 
thickening of the conjoined cusp beyond the termination of the ridge with 
inward rolling of the free margin. The coronary ostiums were situated sym- 
metrically on either side of the ridge in their usual positions. Commissures B 
and C showed no abnormality. 

Serial transverse microscopic sections were made of the commissural raphe. 
In the proximal portion (fig. 12) the raphe consisted of dense bundles of col- 
lagenous connective tissue resting on aortic media and showing no vasculariza- 
tion or cellular exudate. In the distal portion the structure was similar but more 
delicate and suggested the original outline of the two fused cusps. There was 
considerable retraction of the right coronary arm of the raphe toward the valvular 
ring. Vascularization was present only distally and basally, just above the sub- 
valvular endocardium, in an area of fibrosis situated centrally with respect to 
the lateral borders, involving the ventricularis layers and showing numerous irreg- 
ularly disposed elastic fibers, probably derived in part from these layers (fig. 13). 
Capillaries and arterioles were present, as well as edema and exudation of lymph- 


ocytes and occasional polymorphonuclear leukocytes. The rest of the raphe showed 
no significant elastica. 








EXPLANATION OF FiGuRE 1 


Fig. 1—Case 2, a 21 year old Negro. 1, the aortic valve is bicuspid and shows 
a raphe at commissure A. There is fibrous thickening of the conjoined cusp 
beyond the termination of the raphe with inward rolling of the free margin. In 
this photograph and in figures 41 and 71, the aortic valve is approximately 
one and one-half times the actual size. In figures 3, 51 and 6, the valve is approxi- 
mately the actual size. In all photographs of the aortic valve, A represents the 
left coronary-right coronary commissure, B the right coronary—posterior commissure 
and C the left coronary-posterior commissure, while Jc and re indicate the ostiums 
of the left and the right coronary artery, respectively. 2, transverse microscopic 
section of the proximal portion of the commissural raphe. The raphe consists of 
dense bundles of collagenous connective tissue (a) resting on aortic media (b) and 
subvalvular endocardium (c) and showing no vascularity or inflammation. Weigert 
elastica stain; x 15.3, transverse microscopic section of the distal portion of the 
raphe. The structure is similar to that of the proximal part and suggests the original 
outline of the two fused cusps. There is considerable retraction of the right 
coronary cusp (RC), so that the outer portion and free margin of the raphe are 
formed solely by the left coronary cusp (LC). Vascularity and inflammation are 
present in the area (d) just above the subvalvular endocardium (c). This area 
contains numerous delicate elastic fibers. Weigert elastica stain; x 15. 
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Numerous sections of the conjoined cusp showed fibrosis of the ventricularis 
layer, especially near the line of closure, but no vascularity or acute inflammation. 
The auricularis and spongiosa layers of the mitral valve were also slightly thick- 
ened. Sections of the tricuspid and pulmonary valves showed nothing abnormal. 
Sections of both ventricles and of the left atrium showed numerous small peri- 
vascular fibrous scars, but there were no Aschoff bodies. 


Case 3—A 68 year old white man had clinical diagnoses of generalized 
arteriosclerosis and hypertension, aortic stenosis and insufficiency and broncho- 
pneumonia. There was enlargement of the heart, and a systolic thrill was felt in 
the aortic area. A loud, rough systolic murmur transmitted to the neck and a 
soft diastolic murmur were heard over the aortic area. 

The heart weighed 670 Gm. Both mitral leaflets were thickened, but there 
was no fusion at the commissures. The tricuspid and pulmonary valves showed 
no abnormality. The aortic valve was bicuspid as a result of complete fusion of 
the left and right coronary cusps, resulting in a conjoined cusp. This was of 
the same size as the noncoronary cusp. The raphe formed at commissure A 


Origin on aortic 
wall of sinus of Valsalva 


/ 


/ 


Free margin 
of » iia 


Ie re B 


4 J 


Ring of the 
fused cusps 
\ 
Insertion on . 
aortic aspect of 
conjoined cusp 
1 
Fig. 2—Diagram illustrating the dimensions of a commissural raphe. 1, view 
of the aortic valve from above, showing a raphe at commissure A, / denoting the 
length of the raphe from its origin on the aortic wall of the sinus of Valsalva to 
its insertion on the aortic aspect of the conjoined cusp. 2, a transverse section 
of the raphe (perpendicular to its long axis), h, denoting the height of the raphe 


from the ring of the fused cusps to the free margin. 


by fusion had the form of a longitudinal ridge, narrow in its proximal portion 
but wider distally, where it merged with the conjoined cusp several millimeters 
below the free margin. Both cusps were rigid and immobile and showed exten- 
sive thickening and calcification, especially in the outer portions. As a result the 
orifice of the valve was reduced to a narrow slit. The coronary ostiums were 
situated in their usual locations on either side of the ridge. Commissures B and C 
showed no abnormality. 

Microscopic sections of the aortic valve showed marked hyalinization and 
nodular deposit of calcium in the ring and outer portion of the cusps near the free 
margin. There was calcific erosion on the aortic aspect of the cusps. Capillaries 
and arterioles were present, chiefly in the ventricularis and arterialis layers, but 
there was no inflammation. Sections of the mitral valve revealed vascularization, 
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calcification and ossification in the ring. The free portions of the leaflets showed 
focal vascularization of the spongiosa layer in the form of capillaries and arterioles. 
No sections of the fused commissural raphe were made. 


Case 4.—A 68 year old white man died of carcinoma of the kidney with 
extensive metastases. Examination of the heart revealed slight enlargement to 
the left, a precordial systolic murmur, loudest over the aortic area, and a systolic 
thrill in the same region. A clinical diagnosis of calcific sclerosis of the aortic 
valve with stenosis was made. 

The heart, the seat of hypertrophy and dilatation, weighed 510 Gm. The 
mitral, tricuspid and pulmonary valves were normal macroscopically. The aortic 
valve consisted of two cusps of equal size (fig. 3). One was a combined left 
and right coronary cusp which was divided into two equal portions by a ridge at the 
site of commissure A. This ridge was narrow in its proximal half but con- 
siderably wider and deeper distally, owing to divergence of the lateral borders. 


Fig. 3—Case 4, a 68 year old white man with calcific sclerosis of an acquired 
bicuspid aortic valve. The raphe at commissure A has an oblique course in the sinus 
of Valsalva and is wider distally than proximally. The distal half is calcified. 
There is also considerable calcification of the cusps, especially the aortic aspect 
of the noncoronary cusp. 


It extended obliquely downward and forward from the upper margin of the 
sinus of Valsalva and terminated by merging almost imperceptibly with the 
conjoined cusp several millimeters below the line of closure. Its outer surface was 
smooth and showed no trace of a fissure. The distal half showed considerable 
thickening and calcification. There was slight retraction of the ventricular 
aspect of the conjoined cusp opposite the ridge. Commissures B and C showed 
no significant change. 

Both cusps were the seat of fibrosis and calcific deposit, especially the con- 
joined cusp, the free margin of which adjacent to the commissural raphe showed 
inward rolling. There were calcific excrescences in both sinuses of Valsalva, and 
the entire aortic surface of the noncoronary cusp was studded with nodular calcific 
deposits, which were more numerous near the free margin than at the base. A 
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few similar nodules projected from the ventricular aspect of the cusp, and erosion 
was present on both surfaces. 

Transverse microscopic sections of the fused commissural raphe revealed 
densely fibrous and largely acellular connective tissue, which in its proximal portion 
rested on aortic media and showed no vascularity or inflammation. There was 
only a suggestion of the original margins of the two fused cusps. Distally the 
fibrous tissue was partly hyalinized and calcified. In the basal portion, just 
above the subvalvular endocardium, there were areas of less mature fibrous 
tissue which showed vascularization in the form of capillaries and arterioles, 
edema and exudation of lymphocytes, occasional plasma cells and polymorphonu- 
clear leukocytes. The vascularity and inflammation were situated in the central two 
thirds of the ridge and extended to within a short distance of the lateral borders. 
The only elastic tissue present in the raphe consisted of several continuous subendo- 
thelial strands in the arterialis layers and a small number of irregularly dis- 
posed delicate fibers in the areas of fibrosis and inflammation. 

Sections of the aortic cusps revealed fibrosis and vascularity of the ring and 
marked fibrous and hyaline thickening of the free portions. All the layers 
of the cusp were involved, especially the arterialis and ventricularis, which showed 
focal and confluent nodules of calcium and fragments of bone. No exudate was 
present, but there was vascularization with capillaries and arterioles, particularly of 
the ventricularis layer. In general, the calcification was most extensive in the 
distal portion of the arterialis layer. 

Sections of the mitral valve revealed fibrous thickening of the various layers, 
especially near the free margin. In one section of the septal leaflet there was an 
area in the auricularis layer showing edema, lymphocytic exudate and several 
capillaries. 

The ventricles, atria and tricuspid valve showed no evidence of rheumatic 
disease. 

Sections of the pulmonary valve showed considerable fibrous thickening, 
arteriolar vascularization and lymphocytic exudate in the ventricularis layer. 


Case 5.—A 13 year old boy died of acute rheumatic heart disease with 
mitral and aortic insufficiency. There was a history of rheumatic fever at the age 
of 9. 








EXPLANATION OF FIGuRE 4 


Fig. 4—Case 5, a 13 year old white boy with an acquired bicuspid aortic 
valve, which is the seat of chronic and superimposed acute rheumatic valvulitis. 
1, the raphe at commissure A is narrow and uniform in width and is attached 
to the conjoined cusp halfway toward the free margin. Commissures B and C 
show no change. 2, transverse microscopic section of the proximal portion of the 
commissural raphe. The raphe consists of compact, hyalinized connective tissue 
(@) resting on aortic media (b) and showing no vascularity or inflammation. 
Weigert elastica stain; x 15. 3, transverse microscopic section of the distal portion 
of raphe. The raphe (a) rests on subvalvular endocardium (c), with aortic media 
(b) inserting into the base laterally. There are extensive fibrosis, vascularity 
and inflammation in the middle third (d) of the ridge. Nodular fibrous whorling 
and elastification are present along the free margin. Weigert elastica stain; x 16. 
4, area marked d in figure 3. An Aschoff body is shown at A. Hematoxylin and 
eosin; X 116. 
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The heart, the seat of hypertrophy and dilatation, weighed 430 Gm. There were 
stenosis of the mitral and tricuspid valves and acute verrucous endocarditis of 
both these valves and of the aortic valve. The pulmonary valve showed no sig- 
nificant change. The aortic valve was bicuspid, consisting of a large cusp, 3 cm. 
in length, formed by complete fusion of the left and right coronary cusps and a 
smaller noncoronary cusp, 2 cm. long (fig. 41). The conjoined cusp was evenly 
subdivided at commissure A by a narrow longitudinal ridge measuring 10 by 
1 by 1 to 3 mm. This was considerably depressed in the sinus of Valsalva and 
extended obliquely from the upper level of the sinus to a point on the aortic 
aspect of the cusp, halfway toward the free margin. The ridge was uniform 
in width throughout its length and was of greater height distally than proximally. 
Its outer surface was smooth and rounded and showed no fissure. There were 
shortening and appreciable fibrous thickening of both cusps, especially of the 
conjoined cusp in the vicinity of the commissural raphe. The ventricular aspect 
of the conjoined cusp showed distinct triangular retraction opposite the ridge. The 
coronary ostiums occupied their usual positions. Commissures B and C showed 
no abnormality. 

Serial transverse microscopic sections of the ridge revealed complete blending 
of the two fused cusps, with little trace of the original margins. The proximal 
portion was composed of moderately compact and partly hyalinized connective 
tissue, which showed no vascularity or inflammation (fig. 42). In the distal half 
there were extensive fibrosis, with numerous elastic fibers, many capillaries and 
arterioles, exudation of lymphocytes, plasma cells and polymorphonuclear leuko- 
cytes and Aschoff bodies. Although these changes were diffuse, they were more 
noticeable in the middle third of the ridge than in the basal portion or near the 
free margin (fig. 43 and 4). 

Microscopic sections of the aortic, mitral and tricuspid valves showed lesions 
typical of chronic and superimposed acute verrucous rheumatic inflammation. The 
ventricles and atria revealed numerous Aschoff bodies. 


Case 6.—A 74 year old white man died of primary carcinoma of the lung. 
The heart appeared slightly enlarged on percussion, and a systolic murmur was 
present over the precordium and heard best in the aortic area. 

The heart weighed 340 Gm. The mitral, tricuspid and pulmonary valves 
showed no abnormality. The aortic valve was bicuspid, and the left and right 
coronary cusps were fused to form one large cusp, 4.5 cm. long, as compared with 
the noncoronary cusp, which had a length of 3.5 cm. (fig. 51). Commissure A 
was replaced by a markedly depressed ridge, measuring 12 by 1 to 3 by 1 to 3 
mm., which divided the conjoined cusp into a small left coronary segment, 1.5 
em. long, and a larger right coronary segment, 3 cm. long. The coronary ostiums 
occupied their usual positions in relation to their corresponding cusps. 

The course of the fused commissural raphe in the sinus of Valsalva was 
oblique, and it extended from the upper level of the sinus to a point halfway to 
the free margin of the cusp. The outer surface was irregular, especially in the 
distal portion, but no trace of a fissure was present. Thick and calcified folds 
of tissue, evidently representing the left and right coronary cusps, joined the 
lateral aspect of the ridge near its center. The distal half of the ridge, as well 
as the adjacent aortic aspect of the conjoined cusp, showed calcific nodules. There 
was distinct retraction on the ventricular aspect of the conjoined cusp opposite 
the ridge. 

Both aortic cusps were the seat of thickening and calcification. This involved 
both the basal portion and the free margin, especially the latter, and both the aortic 
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Fig. 5—Case 6, a 74 year old white man with calcific sclerosis superimposed 
on an acquired bicuspid aortic valve. 1, commissure A is replaced "by a calcified 
ridge which divides the conjoined cusp into a small left coronary and a larger 
right coronary segment. Commissures B and C show no change. 2, transverse 
microscopic section of the proximal portion of the raphe at commissure A. The 
raphe consists of dense hyalinized connective tissue (a) showing atheromatous 
degeneration and resting on aortic media (b). There is no vascularity or inflam- 
mation. A few strands of elastica pass across the ridge in a subendothelia! posi- 
tion. Weigert elastica stain; x10. 3, transverse microscopic section of the 
distal portion of the raphe. The raphe (a) rests on subvalvular endocardium (c) 
with aortic media (b) inserting laterally at the base on both sides. There are 
calcification in the outer portion of the ridge and also nodular fibrosis and 
elastification. An area of irregular fibrosis, vascularity and inflammation (d) 
is shown in the basal and middle thirds of the raphe. This area contains numerous 
delicate elastic fibers. Weigert elastica stain; x10. d, area marked d in 3; 
hematoxylin and eosin; x 114. 
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and the ventricular aspect. Calcific nodules were present on the ventricular aspect 
of the aortic leaflet of the mitral valve and in the intervalvular fibrosa. 

Serial transverse microscopic sections of the commissural raphe were made 
The proximal portion consisted of dense, almost acellular, hyalinized fibrous 
tissue with numerous foci of atheromatous degeneration, which rested on the aortic 
media (fig. 52). A few strands of elastic tissue passed continuously across the 
ridge in a subendothelial position. There was no vascularity or inflammation. In 
the distal half the original margins of the two fused cusps could be partly visualized, 
although there were marked hyalinization and calcification. In the basal and 
middle thirds of the ridge, between the subvalvular endocardium and the free 
margin, there were areas of irregular fibrosis showing numerous delicate elastic 
fibers, vascularization in the form of arterioles and capillaries and exudation 
of small round cells and polymorphonuclear leukocytes (fig. 53 and 4). This 
occurred throughout the central portion and appeared to involve all but the 
arterialis layers. Near the free margin there were considerable whorling of 


Fig. 6—Case 7, a 49 year old white woman with an incidental acquired 
bicuspid aortic valve. The two aortic cusps are equal in size, and the conjoined 
cusp is evenly subdivided by the raphe at commissure A. Commissures A and B 
show no change. 


fibrous tissue and an abundance of delicate elastica. Longitudinal sections of the 
conjoined cusp adjacent to the ridge showed fibrous thickening and calcific 
nodules, especially’ near the line of closure, with vascularity and lymphocytic 
exudate in the ventricularis and spongiosa layers. Other sections of the conjoined 
cusp, as well as those of the noncoronary cusp, disclosed similar changes. 

Sections of the mitral valve showed fibrous thickening of the substance of the 
leaflet and vascularization of the auricularis layer in the form of capillaries and 
arterioles. Sections of the tricuspid and pulmonary valves revealed no significant 
abnormality. 


Case 7.—A 49 year old white woman died of malignant neutropenia. Physical 
examination of the heart revealed nothing abnormal. 

The heart weighed 370 Gm., and the only significant abnormality was a bicuspid 
aortic valve (fig. 6). The mitral, tricuspid and pulmonary valves were normal. 
The two aortic cusps were equal in size, each measuring 3.5 cm. in length. One 
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was a combined left and right coronary cusp, while the other was the noncoronary 
cusp. The conjoined cusp was subdivided evenly at commissure A by a ridge 
of firm tissue which extended obliquely from the upper level of the sinus of 
Valsalva to a point midway between the base and the free margin of the cusp. 
The outer surface was smooth and rounded and showed no trace of a fissure. The 
distal segment was wider and deeper than the proximal. There was moderate 
thickening of the free margin of the conjoined cusp adjacent to the ridge, and a 
distinct retraction was present on the ventricular aspect of the cusp opposite the 
ridge. The coronary ostiums were situated on either side of the ridge in their 
normal locations. Commissures B and C showed no significant change. 

The aorta and coronary arteries were almost entirely free of arteriosclerosis. 

Longitudinal microscopic sections of the commissural raphe showed that it was 
composed of dense collagenous connective tissue, partly hyalinized and largely 
acellular. In its proximal half this tissue rested on the aortic media and in its 
distal half on the subvalvular endocardium. Vascularization was present only in 
the distal and basal portion of the ridge, directly above the subvalvular endocardium. 
The vessels consisted of capillaries, thick-walled small arteries and arterioles and 
were contained in an edematous, fibrous stroma, which showed slight infiltration 
of lymphocytes and polymorphonuclear leukocytes. Sections of the conjoined and 
noncoronary cusps showed fibrous thickening of all layers, especially of the ven- 
tricularis; this was most marked near the free margin of the conjoined cusp 
adjacent to the ridge. However, there was no vascularity or inflammation. 

Sections of the mitral valve showed fibrous thickening of the auricularis layer, 
which contained several thick-walled small arteries and arterioles. There was no 
exudation of leukocytes. The ring of the valve was also well vascularized. Sec- 
tions of the tricuspid valve revealed capillaries and arterioles, both in the ring 
and in the auricularis and spongiosa layers of the free portion, together with 
infiltration of small round cells. 


Case 8.—A 63 year old white man died of cardiac failure. The clinical diagnoses 
were hypertension, calcific sclerosis of the aortic valve with stenosis and remote myo- 
cardial infarction. The heart was enlarged, and there was a loud, harsh systolic 
murmur and a short diastolic murmur over the aortic area, with absence of the 
aortic second sound. 

The heart weighed 475 Gm. and showed hypertrophy and dilatation, especially 
of the left ventricle. The epicardium of the right ventricle showed marked diffuse 
fibrosis and opacity. There were slight thickening and vascularity of the aortic 
leaflet of the mitral valve and focal calcification of the ring of the septal leaflet. 
Thickening of the anterior tricuspid leaflet and of the anterior and right pulmonary 
cusps at their commissural insertion was also present. 

The aortic valve was bicuspid, consisting of a conjoined left and right coronary 
cusp and a noncoronary cusp, each measuring 3 cm. in length (fig. 7 1). Both cusps 
were appreciably thickened and calcified, especially near the free margin and along 
the base on their aortic aspects, where there were nodular calcific excrescences 
partly filling the sinuses of Valsalva. 

Commissure A was replaced by an extremely depressed fibrous raphe, measur- 
ing 12 by 1 to 3 by 2 to 4 mm., which passed obliquely from the upper level of 
the sinus of Valsalva to the middle of the aortic aspect of the conjoined cusp. 
This raphe subdivided the conjoined cusp into equal left and right coronary portions. 
It was wider and taller in its distal than in its proximal portion, and the outer 
surface revealed a fissure throughout practically its entire length. The two cusps 
forming the raphe were not fused symmetrically, there being distinct retraction 
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Fig. 7—Case 8, a 63 year old 1ite man with calcific sclerosis of an acquired 
bicuspid aortic valve. 1, the raphe at commissure A is considerably depressed and 
reveals a fissure throughout almost its entire extent. There is a slight commis- 
sural adhesion at B. 2 transverse microscopic section of the proximal portion of 
the raphe at commissure A. The raphe consists of dense, hyalinized connective 
tissue (a) resting on subvalvular endocardium (c) and laterally on aortic media 
(b). There is no vascularity -or inflammation. Weigert elastica stain; x 12. 
3, transverse microscopic section of the distal portion of the raphe. Note the 
retraction of the right coronary cusp (RC) and the incomplete fusion of the two 
cusps so that the outermost portion and free margin of the raphe are formed 
by the left coronary cusp alone (LC). At the base of the raphe, just above the 
subvalvular endocardium (c), is a roughly triangular area of fibrosis, vascularity 
and inflammation containing a number of delicate elastic fibers. Weigert elastica 
stain; xX 12. 
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of the right coronary cusp, so that most of the outer portion and free margin of 
the raphe was formed by the left coronary cusp alone. There was moderate 
triangular zetraction on the ventricular aspect of the conjoined cusp opposite the 
raphe. Commissure B showed a slight commissural adhesion, while commissure 
C revealed no change. 

Serial transverse microscopic sections of the raphe at commissure A were 
made. The most proximal portion consisted of a ridge of dense collagenous and 
hyalinized connective tissue, which was largely acellular and showed areas of 
atheromatous degeneration in both lateral segments (fig. 72). There were also 
delicate strands of elastic tissue laterally (i.e., in the arterialis layers). 

Sections of the middle and distal portions of the raphe showed a similar 
structure, but there was considerable retraction of the arm of the right coronary 
cusp toward the valve ring so that the outer segment and free margin of the raphe 
were formed by the left coronary cusp alone. Along the free margin there were 
nodular whorls of fibrous tissue and a delicate elastica, while the rest of the 
raphe showed considerable hyaline and atheromatous degeneration. 

The only vascularity present in the raphe occurred distally and in the center of 
the base, just above the subvalvular endocardium, and was equidistant from the 
lateral borders (fig. 73). The vessels consisted of capillaries and arterioles and 
were contained in a roughly triangular area of irregular fibrous tissue showing 
edema, scanty infiltration of lymphocytes and a small number of interlacing 
elastic fibers. 

Sections of the conjoined and noncoronary aortic cusps showed marked nodular 
calcific deposit, and also ossification, in the ring and in all layers of the free 
portions. This was accompanied by hyaline and atheromatous degeneration and 
by considerable vascularization and infiltration of lymphocytes. Sections of 
the mitral valve revealed diffuse fibrosis, nodular deposit of calcium in the free 


portion and numerous capillaries in the auricularis layer. The tricuspid valve was 
also the seat of fibrosis and showed vascularity of the ring and free portion in 
the spongiosa layer. In the pulmonary valve there was nodular fibrosis of the 
outer third of the cusp, with no vascularity or inflammation. Other positive 
findings were calcification, vascularity and inflammation of the intervalvular fibrosa 
and chronic epicarditis of the right ventricle. 


SUMMARY OF EIGHT CASES OF ACQUIRED BICUSPID 
AORTIC VALVE 

The data with respect to age, sex and color and the clinical diagnoses 
are summarized in the table. This table also shows the character of the 
lesion of the mitral valve and the other cardiac lesions of rheumatic 
origin present in each case. 

Seven patients were male and 1 was female, and their ages ranged 
from 13 to 74 years. Seven patients were white and 1 was a Negro. 
The bicuspid valve was incidental in 3 cases, while in the remaining 5 
cases there were clinical diagnoses of valvular disease, namely, aortic 
stenosis and insufficiency in 2 cases, aortic stenosis in 2 cases and aortic 
insufficiency in 1 case. 

A history of rheumatic fever was obtained in only 1 instance (case 5), 
that of a 13 year old boy who had severe rheumatic heart disease with 
mitral stenosis and aortic insufficiency. 
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Gross Appearance of the Cusps—The acquired bicuspid aortic valve 
results from complete fusion of two adjoining cusps to form a single 
conjoined cusp subdivided by a commissural raphe. The lesion differs 
from the usual commissural adhesion in three respects: (a) The raphe 
terminates distally well below the line of closure of the conjoined cusp, 
(b) there is almost complete obliteration of the subvalvular triangular 
space between the two fused cusps on their ventricular aspect, and (c) 
the concave sweep of the aortic aspect of the conjoined cusp is uninter- 
rupted along the free margin. 


In all cases the conjoined cusp was formed by fusion of the left 
and right coronary cusps. In 5 cases the conjoined cusp was equal in size 
to the noncoronary cusp, and in 3 cases it was larger. In 7 cases the 
conjoined cusp was evenly subdivided by the commissural raphe, while 
in 1 instance it was subdivided unequally by the raphe into a small left 
coronary and a larger right coronary segment. Commissures B and C 
were entirely normal in all but 1 case, in which slight fusion was present 
at commissure B. Retraction of moderate to considerable degree was 
present on the ventricular aspect of the conjoined cusp opposite the 
commissural ridge. In the 2 cases in which no superimposed bacterial 
or calcific disease existed there was thickening of the conjoined cusp, 
especially of the free margin adjacent to the raphe. 


The Commissural Raphe-——The structure was derived from that of 
two cusps which have undergone inflammatory fusion. Macroscopically, 
the raphe consisted of a firm ridge of tissue considerably depressed 
in the sinus of Valsalva and extending obliquely from the upper level 
of the sinus to a point on the conjoined cusp approximately midway 
between its base and its free margin. The ridge was of greater height 
in its distal than in its proximal segment, adjacent to the commissure. 
In 6 cases the lateral surfaces diverged in the distal portion, which was 
thus wider than the proximal portion, while in 2 cases the width of 
the ridge was uniform throughout. The outer surface was smooth and 
rounded and in 2 cases showed a fissure indicating the line of fusion 
of the two cusps. This was situated in the middle of the raphe in 1 
instance and extended throughout the entire raphe in another. In 2 
instances (cases 2 and 8), instead of symmetric fusion of the two cusps 
forming the raphe, there was retraction of one of the cusps (the right 
coronary in each case) toward the valve ring, so that a part or all of the 
outer portion and free margin of the raphe was formed by only one 
cusp. In 4 of the 5 valves with calcific sclerosis the raphe was also the 
seat of calcific deposit, especially in the distal portion. 


Microscopically the raphe was composed of largely acellular, col- 
lagenous and hyalinized connective tissue the base of which rested 
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proximally on the aortic media and distally on the subvalvular endo 
cardium. No vascularity or inflammation was found in the proximal 
segment, near the commissure. In every instance, however, vascular- 
ization in the form of capillaries and arterioles, irregular fibrosis and 
inflammation was present distally either in the lower third of the 
ridge, just above the subvalvular endocardium, or in the middle third, 
between the ring and the free margin of the cusp. In these regions there 
were numerous irregularly disposed, delicate elastic fibers. Moreover, 
the fibrosis and inflammation were usually more prominent toward the 
central portion of the ridge, i. e., midway between the lateral borders, 
and hence appeared to involve chiefly the ventricularis layers and the 
area of organized exudate between them. Although in general the hyalini- 
zation of the fused cusps was sufficiently extensive to preclude recogni- 
tion of individual layers, elastic tissue stains usually revealed remnants 
of elastica in the arterialis and ventricularis layers. In 2 instances, 
because of retraction of one of the cusps and incomplete fusion, the two 
cusps could be identified individually in the outermost portion of the 
raphe. Distally there was nodular whorling of fibrous tissue to varying 
degree in the upper third of the ridge and along the free margin, and the 
fibrous whorls revealed numerous delicate elastic fibers. In the valves 
with calcific sclerosis the raphe usually showed considerable distortion of 
architecture, owing to dense, irregular hyaline fibrosis and calcification. 


Superimposed Disease of the Valve.——In 2 patients the bicuspid 
lesion was uncomplicated, while the remaining 6 showed superimposed 
organic disease; namely, 4 had calcific sclerosis, 1 had acute rheumatic 
valvulitis and 1 had both calcific sclerosis and endocarditis lenta. 

Nature of the Mitral Valve.—The mitral valve was examined care- 
fully for the presence of chronic or extinct rheumatic disease, and 
several microscopic sections of both the anterior and the posterior leaf- 
let were made in each case. Macroscopically, the valve was normal in 4 
cases, showed diffuse thickening without commissural fusion in 3 cases 
and was the seat of mitral stenosis in 1 case. Microscopically, however, 
2 of the 4 grossly normal valves showed diffuse vascularity and fibrosis, 
while 1 showed focal vascularity and inflammation. In all, a total of 
6 of the 8 mitral valves (cases 1, 3, 5, 6, 7 and 8) revealed conclusive 
microscopic evidence of healed or active valvulitis, in all probability 
rheumatic, while 1 (case 4) showed lesions consistent with those of 
rheumatic disease. Only 1 mitral valve (case 2) showed no vascularity 
or exudate, although slight fibrosis was present. 

Other Rheumatic Lesions Present in the Heart.—In 5 cases definite 
rheumatic lesions were observed elsewhere in the heart than in the 
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mitral and aortic valves (table). Tricuspid valvulitis was present in 
4 cases and pulmonary valvulitis in 2 cases. In addition, the perivascular 
scarring of the myocardium in case 2 may possibly represent healed 
rheumatic inflammation, since the patient was only 21 years of age and 
showed no disease of the coronary arteries. 


COMMENT 


Acquired bicuspid aortic valves are to be distinguished from bicuspid 
valves with fusion of congenital origin. The conjoined cusps themselves, 
with respect to location of fusion, size and general appearance, usually 
provide no satisfactory means of distinguishing the two lesions. This 
depends on differentiation between a congenital ridge and an acquired 
commissural raphe. 

The gross appearance of the congenital ridge is so distinctive as to be 
virtually pathognomonic.* It consists of a narrow, hemicylindric, barlike 
elevation of the aorta situated at the commissure, projecting slightly and 
uniformly into the sinus of Valsalva and directed in the long axis of 
the aorta. The lateral borders are parallel, and the outer surface is 
smooth and symmetrically rounded with no fissure in the proximal 
portion. The microscopic picture is characteristic.‘ Transverse sections 
of the proximal portion of the ridge show abundant elastic tissue 
derived from and continuous with that of the aortic media. The elastic 
laminas pass uninterruptedly across the ridge and are parallel through- 
out their course, except for the central portion, where there are fre- 
quently whorling and irregularity. The junction between elastica and 
annulus fibrosus occurs in the distal segment of the ridge and usually 
consists of an irregular, inverted V-shaped mass of connective tissue, 
overlapped both superficially and deeply by the media. However, the 
overlap may be either entirely superficial or entirely deep. The elastic 
fibers extend to a low level in the ridge, often to the attachment of the 
cusp. Blood vessels are scanty, and there is no significant inflammatory 
or degenerative change. 

The cause of the acquired bicuspid aortic valve is inflammatory, and 
in all probability rheumatic. The location of the vascularity and inflam- 
mation in the commissural raphe, i. e., distally and largely in the basal or 
middle third, indicates that the original fusion of the two cusps occurred 
within their lateral thirds, just below instead of at the commissure, and 


3. Koletsky, S.: Congenital Bicuspid Aortic Valves, Arch. Int. Med., this 
issue, p. 129. 

4. Lewis, T., and Grant, R. T.: Observations Relating to Subacute Infective 
Endocarditis, Heart 10:21, 1923. Bishop, L. F., Jr., and Trubek, M.: Bicuspid 
Aortic Valve: A Differential Study Between Inflammatory and Congenital Origin, 
J. Tech. Methods 15:111, 1936. Koletsky.® 
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at a site just above the attachment of the cusps or midway between 
the ring and the free margin. The result is similar to the rheumatic 
commissural lesion. In addition, the rheumatic origin is strongly sup- 
ported by the presence of rheumatic disease in other parts of the heart, 
notably the mitral valve (table). Seven of the 8 hearts showed con- 
clusive evidence of rheumatic involvement, while in 1 (case 2) there 
were lesions possibly indicative of rheumatic disease, namely, fibrosis 
of the mitral valve and perivascular scarring of the myocardium. 

In the bicuspid valves with calcific sclerosis, the possibility that 
the commissural fusions were primarily degenerative (i.e., arterioscle- 
rotic) in origin rather than inflammatory deserves consideration. Against 
this stands the fact that, except for superimposed calcification, the 
raphes were entirely similar, macroscopically and microscopically, to 
those in the noncalcified bicuspid valves. This suggests that the valves 
were bicuspid before the deposit of calcium. Moreover, all of the hearts 
with calcific sclerosis showed definite rheumatic involvement of other 
valves, and this favors a similar origin for the aortic lesion. Although 
arteriosclerosis cannot be definitely excluded as a cause of the bicuspid 
aortic valve, it is probably a rare one. 

In every instance the bicuspid lesion was formed by fusion of the 
left and right coronary cusps with the resulting raphe at commissure A 
(the left coronary—right coronary commissure). In 1 case there was 
slight fusion at commissure B, while in all the remaining cases com- 
missures B and C showed no change. Should this prove to be the general 
occurrence, it indicates that such a distribution is necessary to produce 
the bicuspid valve. Why fusion at commissures B or C does not occur 
is not clear. 

Severe rheumatic heart disease was present in only 1 of the 8 cases, 
that of a 13 year old boy with mitral and tricuspid stenosis and acute 
rheumatic pancarditis. In the remaining cases the degree of rheumatic 
involvement was generally slight, being limited macroscopically to the 
aortic valve in 3 instances, although rheumatic disease elsewhere, 
especially in other valves, was demonstrated microscopically. In 1 
(case 2), that of a 21 year old man in whom the bicuspid lesion was 
incidental, the microscopic evidence of disease other than in the aortic 
valve was equivocal or negative. This bicuspid valve either occurred in 
a heart with minimal rheumatic involvement elsewhere or represented 
an instance of isolated rhetimatic disease of the aortic valve. 

One distinct group of cases of calcific sclerosis of the aortic valve 
consists of those in which the disease occurs in acquired bicuspid 
valves. There were 5 such cases in the present study, occurring in 
persons from 41 to 74 years of age. In all of these cases the calcareous 
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disease of the aortic valve was the predominant cardiac lesion, while dis- 
ease of the other valves was minimal or comparatively insignificant. 
For example, in none of the cases was there any degree of mitral stenosis. 
In 3 cases there was macroscopic change in other valves, consisting 
merely of fibrous thickening of the substance of the mitral, tricuspid and 
pulmonary leaflets. In the remaining 2 cases the other valves were 
macroscopically normal but chronic or healed inflammatory lesions were 
demonstrated microscopically. 

The evidence indicates that all 5 patients had relatively mild rheu- 
matic heart disease, limited essentially or largely to the aortic valve, 
which they survived, and on which in later life calcific sclerosis was 
superimposed. The rheumatic lesion was in all probability the primary 
predisposing factor in the production of the calcareous disease. In 4 of 
the 5 cases there was functional disease of the aortic valve, namely, 
stenosis or insufficiency or both, which was clinically apparent and 
which led to cardiac decompensation. 

The deposit of calcium in such cases occurs gradually, probably over 
a period of years, and varies in its rate of development and extent 
with individual predisposition to arteriosclerotic change. Operation of 
this factor possibly explains the absence of calcification in one of the 
bicuspid lesions in a woman aged 49 at the time of death. 


SUMMARY 


Eight cases of acquired bicuspid aortic valve were found in a survey 
of 3,500 consecutive autopsies. Seven patients were males and 1 was 
female, and their ages ranged from 13 to 74 years. In all cases the 
bicuspid lesion resulted from complete fusion of the left and right 
coronary cusps, producing a raphe at commissure A (the left coronary— 
right coronary commissure), while commissures B and C were usually 
essentially normal. The lesion was uncomplicated in 2 cases, while in 6 
cases there was superimposed organic disease; namely, 4 had calcific 
sclerosis, 1 had acute rheumatic valvulitis and 1 had both calcific scle- 
rosis and endocarditis lenta. 

The commissural raphe consisted of a firm ridge of tissue, consider- 
ably depressed in the sinus of Valsalva, directed obliquely in the sinus, 
of greater height and usually of greater width distally than proximally 
and with a rounded outer surface which occasionally revealed a fissure 
indicating the line of fusion of the two cusps. Microscopically, the raphe 
was composed essentially of hyalinized connective tissue the base of 
which rested proximally on aortic media and distally on the subvalvular 
endocardium. Vascularity and inflammation were limited to the distal 
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portion and were usually situated in the lower or the middle third of the 
ridge, between the ring and the free margin of the cusp. 

The fusion of the leaflets was evidently due to inflammation, probably 
rheumatic in origin. The structure of the raphe corresponded to that of 
the usual rheumatic commissural lesion, and in 7 of the 8 cases rheumatic 
lesions were demonstrated in other parts of the heart. However, the 
degree of rheumatic involvement was generally slight, being limited 
essentially or largely to the aortic valve. Patients usually survive such 
relatively mild rheumatic heart disease and are then predisposed in 
later life to the development of superimposed calcific sclerosis of the 
aortic valve. 





HYPERACTIVE CARDIOINHIBITORY CAROTID 
SINUS REFLEX 


A POSSIBLE AID IN THE DIAGNOSIS OF CORONARY DISEASE 


LOUIS H. SIGLER, M.D. 
BROOKLYN 


Within the past few years, since the publication of the compre- 
hensive experimental work on the carotid sinus reflex by Hering? and 
Heymans,” there has been some application of the knowledge regarding 
this reflex to clinical medicine. The most important contributions are 
those of Weiss and Baker,*® Ferris, Capps and Weiss * and Weiss, Capps 
and Ferris.° They showed the relation of a hyperactive reflex to some 
of the unconscious and convulsive states in man. 

That unconsciousness and convulsions might be induced in some 
persons by pressing on a carotid artery at its bifurcation has been known 
for hundreds of years. Ask-Upmark® stated that the Assyrians used 
this method to dull pain during the rites of circumcision. The mecha- 
nism of its production, however, was not known until of late. 

Before the hyperactive cardioinhibitory carotid sinus reflex is con- 
sidered, the normal carotid sinus mechanism with its various reflex 
responses must be clearly understood. 

The normal mechanism is a protective adaptation to help maintain 
normal circulation, respiration and other activities of the body. It con- 
sists of a set of nervous structures whose main receptor organs are located 
where the internal carotid artery pouches out at its junction with the 
external carotid artery. The nerve fibers emerging from these receptor 
organs form the sinus nerve, which joins the glossopharyngal nerve, 


1. Hering, H. E.: Karotissinusreflexe auf Herz und Gefasse, Dresden, 
Theodor Steinkopff, 1927. 

2. Heymans, C.: Le sinus carotidien et les autres zons vasosensibles reflexo- 
génes, London, H. K. Lewis and Co., 1929. 

3. Weiss, S., and Baker, J. P.: The Carotid Sinus Reflex in Health and Dis- 
ease: Its Role in Causation of Fainting and Convulsions, Medicine 12:298, 1933. 

4. Ferris, E. B.; Capps, R. B., and Weiss, S.: Carotid Sinus Syncope and Its 
Bearing on the Mechanism of the Unconscious State and Convulsions, Medicine 
14:377, 1935. 

5. Weiss, S.; Capps, R. B., and Ferris, E. B.: Syncope and Convulsions Due 
to a Hyperactive Carotid Sinus Reflex, Arch. Int. Med. 58:407 (Sept.) 1936. 

6. Ask-Upmark, E.: The Carotid Sinus and the Cerebral Circulation, Acta 
psychiat. et neurol., 1935, supp. 6, p. 1. 
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running to the medulla. This nerve tract carries the main afferent 
pathways which convey the nerve impulses originating in the sinus 
region to the medullary centers in the brain. According to Brauecker,’ 
afferent tracts are also located in the vagus nerve, the sympathetic system 
and the hypoglossal nerves; and the origins of such tracts are not con- 
fined to the carotid sinus but are found also in the common carotid artery 
at its bifurcation and in the adjoining part of the external carotid artery. 
Entering the medulla, the afferent tracts make synoptic connections at 
the various centers with the motor or efferent pathways, which terminate 
in various organs of the body. Figure 1 is a diagrammatic representation. 
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Fig. 1.—Diagram of the cardioinhibitory carotid sinus reflex tracts. The carotid 
sinus, the afferent nerves, the medullary centers, the efferent tracts, the cardiac 
ganglionic connections and their terminations in the different parts of the auricles 
are schematically represented (see text). 


Under normal conditions, the stimulus which produces the various 
reflexes consists of changes in arterial blood pressure. Sudden sponta- 
neous increase in blood pressure stimulates the receptor organs and sets 
up afferent impulses which enter the various medullary centers and result 
in vasodepression, cardioinhibition, some alteration in respiration and 
decreased epinephrine secretion, all of which have a tendency to return 
the blood pressure to normal.’ A sudden drop in pressure in the carotid 
arteries produces reflexes having the opposite effects. 

The sinus nerves possess natural tonus tending to help maintain the 
blood pressure and cardiac rate at certain levels: This is evidenced by the 


7. Brauecker, W.: Das pressorezeptorische Nervensystem und seine praktische 
Bedeutung in der Chirurgie, Beitr. z. klin. Chir. 158:309, 1933. 





SIGLER—CAROTID SINUS REFLEX 179 


fact that if both nerves are cut some rise in pressure and acceleration 
of the heart will result. The two sinus nerves, together with the two 
aortic depressor nerves, constitute the four bridles of the circulation. 
In both cases hydrodynamic changes of the circulation constitute the 
adequate stimulus. 

In some persons and in certain diseased states, the carotid sinus 
mechanism becomes hyperactive. In such cases, external stimulation, 
such as the application of external pressure in the region of the carotid 
sinus, may result in a great exaggeration of the various responses. There 
may develop an extreme and dangerous drop in blood pressure, an 
appreciable slowing or stoppage of the heart and distinct cerebral mani- 
festations. It is noteworthy that various persons show different kinds 
and degrees of exaggerated response. In some cases, slowing or stop- 
page of the heart occurs. In others, a more or less noticeable fall in 
blood pressure takes place. In still others, cerebral or respiratory mani- 
festations are outstanding. These may occur singly or in various degrees 
of combination. The variation in response is undoubtedly due to hyper- 
irritability of the different centers and of the responsive organs, as will 
be discussed later. 

In the last few years I have become interested in the hyperactive 
cardioinhibitory reflex of the abnormal carotid sinus group of responses. 
I found that this reflex, if it occurs at all, usually appears before and 
often commences to subside at a time when the other reflexes reach their 
highest effects. I also observed® that the reflex occurs with much 
greater frequency and to higher degrees in males, in advanced age and 
in the presence of demonstrable coronary disease. It was therefore felt 
that the test might perhaps be used as an aid in the diagnosis of coronary 
disease. To evaluate it as such, a larger number and variety of cases 
were necessary for comparative study. I have accordingly analyzed the 
records of 1,886 additional patients on whom the test was performed 
as a routine. This report covers that series of patients. 


MATERIAL AND METHOD OF STUDY 


The series consisted of 1,151 males and 735 females, whose ages ranged between 
10 and 85 years. The majority were ambulatory, office patients. The test was per- 
formed with the patient in the sitting position, if ambulatory, or in the recumbent 
position, if bedridden. In the sitting position, the response was usually quicker and 
was more pronounced. The head was extended, and the carotid arteries at the level 


8. Sigler, L. H.: Clinical Observations on the Carotid Sinus Reflex: I. The 
Frequency and the Degree of Response to Carotid Sinus Pressure Under Various 
Disease States, Am. J. M. Sc. 186:110, 1933; Clinical Observations on the Carotid 
Sinus Reflex: II. The Response to Carotid Sinus Pressure at Various Ages and 
Heart Rates and Rhythms, ibid. 186:118, 1933; Further Observations on the 
Carotid Sinus Reflex, Ann. Int. Med. 9:1380, 1936. 
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of the cricoid cartilage were located and were gradually compressed against the 
spinous processes while the examiner listened to the heart. It is essential that 
pressure be exerted slowly and with progressively greater force, for in extremely 
hypersensitive persons the slightest amount of pressure may bring about alarming 
symptoms and complete and prolonged stoppage of the heart. The test should be 
done on one side of the neck at a time, for the same reason. The cardiac rate 
obtained before the pressure test was then compared with that following the 
maximum amount of compression, and the percentage of slowing was calculated, 

The cases were divided into four main groups, as follows: group I, persons with 
various grades of demonstrable coronary sclerosis, with or without hypertension or 
other diseased states: group II, persons with hypertension, with or without evidence 
of arteriosclerosis or other diseased states, but without demonstrable evidence 


TABLE 1.—Incidence and Degrees of Hyperactivity of the Carotid Sinus Reflex in 
Various Age Groups for Males (M) and Females (F) * 
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* The ages are given in years. The number of persons examined in each group is shown 
under “Total Subjects”; the number that responded under “No. Resp.”’ and the calculated 
der “% Resp.” The degrees of response are designated by plus marks, 

degree are shown the number responding and the percentage response for each 

+, less than 10 per cent slowing of the heart; ++, 10 to 30 per cent slowing of the 

70 per cent slowing of the heart; ++++, stoppage of heart for three 


of coronary sclerosis; group III, persons with cardiac disease other than the 
arteriosclerotic type, and group IV, normal persons and persons presenting con- 
stitutional disease with no hypertension or demonstrable cardiac disease. 

The degrees of cardioinhibition in each group were designated by plus marks 
as follows: 1 plus, if the slowing was less than 10 per cent; 2 plus, if there was 
10 to 30 per cent slowing; 3 plus, if the slowing was 30 to 70 per cent, and 4 plus, 
if the heart stopped for at least three seconds. 

The incidence and the degrees of response in the various age groups ** this series 
are shown in table 1 and figures 2 and 3. 

The percentage in the incidence of response among males suddenly rises after 
the age of 30 and reaches a maximum after 40. In females the incidence is smaller 
at all ages with an abrupt rise after 30, but the peak is not reached until after 50. 
The reason for the comparatively high incidence of response in the age group of 
less than 20 years is probably the frequent presence of rheumatic or congenital 
cardiac disease in this age group. 
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Fig. 2—Incidence of response to carotid sinus pressure at various ages and in 


various groups of diseases, expressed in percentage of cases. A, 


B, age groups, females; C, disease groups, males; D, disea 
Group I, coronary disease; group II, hypertensive disease; 
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Fig. 3.—The relative number of persons with various deg 





rees of response to 


carotid sinus pressure in each age group, expressed in percentages for males 
(M) and females (F). +, less than 10 per cent slowing of the heart; + +, 10 
to 30 per cent slowing of the heart; + +++, 30 to 70 per cent slowing of the 


heart; + + + +, stoppage of heart for three seconds or more. 





182 ARCHIVES OF INTERNAL MEDICINE 


The degree of response is also proportional to advance in age, both in males 
and females; but it is lower in females. 

The incidence and the degrees of response in the various disease groups are 
shown in table 2 and figures 2 and 4. It will be seen that the coronary disease 
has the highest incidence, with 92.6 per cent of the males and 76 per cent of the 
females responding. The other cardiac disease group comes next; the hypertensive 
group, third; and the general constitutional disease group, last. Females show 
a lower incidence in all groups. The degrees of response are in approximately 
the same order of frequency in the various groups, and the same difference exists 
between males and females. In the hypertensive group, a smaller number of 
patients show the higher degrees of response than in any other group. 


RESPONSE IN VARIOUS GRADES OF CORONARY DISEASE 


If the presence of coronary disease is one of the causes of a hyper- 
active reflex, the frequency and the degrees of response should corre- 


TABLE 2.—Incidence and Degrees of Response in the Various Disease Groups * 
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* Group I, coronary disease; group II, hypertensive disease; group III, cardiac disease other 
than coronary; group IV, no cardiac or hypertensive disease. The designation of the columns 
is the same as in table 1. 


spond to the extent of such disease. There should be less tendency for 
the response to occur in the mild than in the more advanced grades. To 
determine that, the coronary disease group was subdivided into three 
series of persons with a mild, moderate or severe grade of disease; and 
the relative incidence and the degrees of response in each series were 
analyzed. 

It must be emphasized that this analysis was based entirely on the 
clinical and electrocardiographic manifestations of the disease, which 
evidences are known to present extreme variability and are, therefore, 
possible sources of error. *This possibility was diminished greatly by 
carefully following the accepted criteria for the diagnosis of coronary 
disease and by observing most of the cases for a period of one to six 
years. 

In the series with a mild grade of disease were placed persons present- 
ing epigastric or precordial oppression, discomfort, pain or dyspnea 
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coming on after considerable exertion and abating after exertion was 
stopped. The physical examination either gave negative results or 
showed slight cardiac enlargement and slight changes in the intensity 
and the character of the first sound. The blood pressure was either 
normal or elevated. The electrocardiogram, likewise, was either normal 
or showed slight deviations from the normal, such as rounding of the 
QRS-T segment in one or more leads with or without slight depression 
or elevation, slight slurring or notching of the QRS complex in two leads, 
diminished voltage of the QRS complex and slight abnormalities of the 
T wave. In many of these cases the diagnosis was established later, 
after the occurrence of an acute episode of coronary thrombosis or the 
development of more characteristic symptoms and signs. 

A typical example is that of a man 42 years old, first seen on March 
23, 1938, when he complained of weakness in the legs of two weeks’ 
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Fig. 4.—The relative number of persons with various degrees of response to 
carotid sinus pressure in each disease group, expressed in percentages for males 
(M) and females (F). Group I, coronary disease; group II, hypertensive disease; 
group III, cardiac disease other than coronary; group IV, no cardiac or hyper- 
tensive disease. The degrees of response are expressed in plus marks as in 
figure 3. 


duration, precordial pain on the left side and slight dyspnea after walking 
up three flights of stairs. He could walk fifteen blocks with only slight 
dyspnea and no pain. 

On physical examination, the heart was found to be of normal size 
and shape, and the rate and rhythm were normal. There was slight 
diminution in the intensity of the first sound. The lungs were normal. 
The palpable vessels were normal, and the blood pressure was 126 
systolic and 86 diastolic. The electrocardiogram (fig. 5.4) was practi- 
cally normal, except for slight rounding of the RT segment in the first 
and second leads. Pressure on the right or left carotid sinus yielded a 
2 plus response. He was considered to have mild coronary disease 
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mainly because of the subjective symptoms. On July 19, 1939, about 
fifteen months after the first examination, an acute coronary occlusion 
developed. Ar: electrocardiogram obtained six days after the attack 
(fig. 5 B) corroborated the clinical diagnosis of occlusion. It was inter- 
esting to find that compression of the carotid sinus at this time gave 
a 3 plus response. 

In the series with a moderate grade of disease were placed persons 
who presented considerable dyspnea, precordial pain, tightness and dis- 


A 


Fig. 5—A, March 23, 1938; tracing essentially normal except for slight round- 
ing of the RT segment in the first and second leads. B, July 25, 1939; gross 
changes in all the complexes, including those of the fourth lead. 


comfort, with or without typical radiation, coming on after relatively 
slight exertion, such as walking three or four blocks or up one flight 
of stairs. Many of these patients complained of other disturbances, such 
as “heartburn,” “indigestion,” pressure in the epigastrium, dizziness, 
pulling sensations in one or both arms, retrosternal viselike compression, 
“gaseous pressure” and weakness. The physical findings were normal 
in many cases, and in these the diagnosis was based on the history and 
subsequent course. Most patients, however, showed more or less cardiac 
enlargement, aortic sclerosis and some peripheral arteriosclerosis, with or 
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without hypertension. The first heart sound was split, muffled or 
diminished in intensity; and an occasional faint systolic murmur was 
heard at the apex. The electrocardiogram was normal in some. In 
others there were slight or moderate deviations from the normal, such 
as prolongation of the interventricular conduction time to 0.12 seconds, 
slurring and notching of the QRS complex, depression or elevation of 
the QRS-T segment with or without rounding, the presence of a large 
Q wave in the third lead and an isoelectric or negative T wave in 
two leads. 

In the series with a severe grade of disease were placed persons who 
had one or more episodes of coronary occlusion and who showed the 
anginal syndrome or congestive failure to a great degree. Many of 
these had frequent attacks of nocturnal dyspnea and were subject to 
angina and dyspnea on the slightest exertion. Although the electro- 


TaBLeE 3.—Incidence and Degrees of Response in the Various Grades of Coronary 
Disease, With or Without Hypertension * 
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* The designation of the columns is the same as in table 1. 


cardiogram was normal in some, most of the patients displayed an 
appreciable defect in intraventricular conduction, bundle branch block, 
auricular fibrillation, or one of various other disturbances in rhythm, 
such as marked T wave changes in the conventional, as well as in the 
precordial, leads and QRS-T segment changes. The physical examina- 
tion showed more or less cardiac enlargement, although in some the 
size of the heart was normal. There were usually distinct changes in the 
character and intensity of the first sound. Gallop rhythm was frequently 
observed. There was usually considerable peripheral vascular sclerosis, 
and hypertension was often noted. The lungs frequently showed more 
or less congestion ; and peripheral edema, as well as enlargement of the 
liver, was occasionally seen. 

The cardioinhibitory response to carotid sinus stimulation in the 
various grades of coronary disease is shown in table 3 and figures 6 and 7. 
It will be seen that both the incidence and the degrees of response have 
some relationship to the degree of coronary disease. In the cases of 
mild grades of coronary disease fewer patients respond, and the lower 
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degrees of response predominate. As the severity of coronary disease 
increases, both the incidence and the degrees of response become greater. 


RESPONSE IN THE GROUP WITH GENERAL CONSTITUTIONAL 
DISEASES 


To determine the extent of cardioinhibition associated with various 
diseased states other than cardiac disease or hypertension, group IV was 


eis 


Fig. 6.—Incidence of response in various grades of coronary disease, expressed 
in relative percentage of cases for males (M) and females (F). A, mild; B, 
moderate; C, severe. 
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Fig. 7—Degrees of response in various grades of coronary disease expressed 
in relative percentage of cases for males (M) and females (F). A, mild; B, 
moderate; C, severe. The degrees of response are expressed in plus marks as in 
figure 3. 


subdivided into four subgroups. In the first were placed persons having 
no disease ; in the second, persons presenting various forms of neuroses ; 
in the third, persons having various grades of arteriosclerosis with or 
without other disease and in the fourth, persons having miscellaneous 
constitutional diseases. The relative incidence and the degrees of 
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response in each subgroup are shown in table 4 and figures 8 and 9. It 
will be seen that the subgroup with no disease has the lowest incidence 
and degrees of response. In the arteriosclerotic subgroup, the incidence 
and the degrees of response are very high, approaching closely those of 
the coronary disease group. This may be due to the presence in this 
subgroup of unrecognized coronary disease. As there were only two 
females in this group, the figures for females cannot be considered of any 
significance. The subgroup with miscellaneous diseases shows inter- 
mediate figures. This subgroup consisted of patients with the following 
diagnoses: obesity and other nutritional disturbances; Frohlich’s syn- 
drome ; Hodgkin’s disease ; chronic bronchitis and emphysema ; duodenal 
ulcer; cirrhosis of the liver; Henoch’s purpura; acute rheumatic fever ; 
cholelithiasis and cholecystitis; thyrotoxicosis; leukemia; diabetes 


TaBLe 4.—Incidence and Degrees of Response in the Various Subgroups of the 
Group of Patients Without Cardiac Disease 
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* For the various diseased states in the “Miscellaneous” subgroup, refer to the text. 


mellitus; allergy; pulmonary tuberculosis; pancreatic and gastrointes- 
tinal malignant growths; nephrolithiasis; cerebral tumor; chronic 
arthritis; nephritis; multiple sclerosis; pulmonary embolization ; meno- 
pause; epilepsy; syphilis; bronchial asthma; mediastinal tumor; bron- 
chogenic carcinoma; pyelitis; colitis, and pituitary disturbances. It 
must be emphasized here that many of these patients were of the arterio- 
sclerotic age and had evidence of arteriosclerosis in addition to the other 
diagnosis. 
COMMENT 

The analysis of the cases of this series of 1,886 patients shows that 
a hyperactive cardioinhibitory carotid sinus reflex occurs with much 
greater frequency in coronary disease than in any other condition. Com- 
pared with the normal group, the frequency is about 50 per cent greater 
in persons with coronary disease; compared with persons with other 
diseased states, it is about 30 per cent. In females, the difference is 
smalict. This may be due partly to the fact that the incidence of 
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coronary disease in females is much smaller. Coronary disease also 
yields a greater number of cases with higher degrees of response; and 
the more advanced the disease, the greater is the incidence and the higher 
are the degrees of response. Heart disease other than the arteriosclerotic 
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Fig. 8—Incidence of response in the group without cardiac disease expressed 
in percentage of cases for males (M) and females (F). A, normal persons; 
B, persons with various neuroses; C, persons with arteriosclerosis; D, persons 
with miscellaneous diseases (see text). 
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Fig. 9.—Degrees of response in the group without cardiac disease, expressed in 
relative percentages of cases for males (M) and females (F). A, normal persons; 
B, persons with various neuroses; C, persons with arteriosclerosis ; D, persons with 
miscellaneous diseases (see text). 


type also shows a slightly greater incidence and higher degree of response 
than the other conditions, even though such disease in my series occurred 
in young persons, in whom normally the response is rare. 
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The comparative frequency of a hyperactive cardioinhibitory reflex 
in persons with conditions other than heart disease and even in normal 
persons, however, eliminates such disease as the only possible cause of 
the condition. 

On considering 1 plus and 2 plus responses as being perhaps non- 
pathologic and confining attention to the higher degrees of response, 
which are definitely abnormal, it becomes necessary to find a physiologic 
basis for such hyperactivity. This is to be sought either in excessive 
sensitivity of the carotid sinus region or in hyperirritability of the cardio- 
inhibitory center or in some alterations of the vagal ganglionic connec- 
tions in and near the heart. If hyperactivity is due to the first two 
conditions, coronary or other heart disease cannot be blamed for the 
hyperactive reflex. If, on the other hand, local changes in the heart 
ganglions are also responsible, it may explain the more frequent occur- 
rence of the hyperactive state in coronary disease. 

That local hypersensitivity of the carotid sinus receptor organs plays 
a part is a possibility which has never been proved. Hering,’ Koch ° and 
Heymans* attributed a hyperactive reflex in occasional cases of local 
sclerotic changes in the internal carotid artery. Keele,’° however, found 
no such relationship in 55 cases at autopsy. The frequent absence of 
local sclerosis in patients with a hyperactive reflex and the presence 
of the sclerosis in the absence of the reflex corroborate Keele’s observa- 
tions. Also, the fact that various persons show different types and 
degrees of reflex response under the same type of stimulation tends to 
eliminate local hypersensitivity of the carotid sinus region as a cause. 
The carotid sinus must be considered merely a region, with receptor 
organs and afferent connections with the bulbar centers, which easily 
picks up and conveys impulses to such centers. The response to these 
impulses depends either on the sensitivity of the centers or on the condi- 
tion of the end organs on which the efferent impulses play, or on both. 
This assumption is further substantiated by the fact that the same type 
of cardioinhibition which is characterized by slowing and arrest of 
the sinus and by disturbances in sinoauricular and auriculoventricular 
conduction and which is seen in the hyperactive cardioinhibitory reflex, 
as described in a previous communication, has also been obtained by 
stimulation of other parts of the body having afferent tracts leading to 
the cardioinhibitory center. Examples are the oculocardiac reflex and 


9. Koch, E.: Ueber dem depressorischen Gefassreflex beim Karotisdruckersuch 
an Menschen, Miinchen. med. Wchnschr. 71:704, 1924. 

10. Keele, C. A.: Pathological Changes in Carotid Sinus and Their Relation 
to Hypertension, Quart. J. Med. 2:213, 1933. 

ll. Sigler, L. H.: Electrocardiographic Observations on the Carotid Sinus 
Reflex, Am. Heart J. 9:782, 1934. 
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the swallowing and respiratory reflexes, as well as impulses coming 
from stimulation of many sensory nerves, as described by Fogelson." 

By hyperirritability of the center or of the terminal ganglionic con- 
nections in or near the heart I mean alterations in the synapses in these 
areas which make the synapses more capable of transmitting impulses. 
The synapse is a specialized structure separating one neuron from the 
other by a definite membrane. According to Macleod,’ this structure 
has a dual function. It acts as a valve in preventing impulses from 
passing back in the opposite direction, and it offers resistance to the pas- 
sage of an impulse from the receptor to the effector organs. The myo- 
neural junction also acts as a synapse in that respect. 

Under normal conditions the synaptic resistance prevents the pas- 
sage of impulses with force sufficient to produce deleterious effects. 
Under abnormal conditions the resistance either is increased, resulting 
in insufficient response to normal environmental states, or is greatly 
lowered or abolished entirely, resulting in an exaggerated or pathologic 
response. 

The fact that the heart is provided with an unusually large local 
system of neurons and synapses demonstrates the natural protective 
adaptation of that organ. The special set of neurons and multiple 
ganglionic connections are located in the superficial and deep cardiac 
plexuses and in the cardiac ganglions. In the former, both the sympa- 
thetic system and the vagus nerve make synaptic connections. In the 
cardiac ganglions, on the other hand, according to Woollard** and 
Lawrentjew,’® only vagal nerve fibers make such connections. These 
ganglions are found in abundance in the subepicardial connective tissue 
on the anterior and posterior surfaces of the auricles, especially the left 
auricle, the interauricular septum and the auriculoventricular sulcus. 
They are thus situated in an area of the heart very close to the sino- 
auricular and auriculoventricular conduction apparatus, which initiate 
and propagate the normal cardiac impulse. They undoubtedly stand 
guard against the sudden overwhelming of this apparatus by vagal 
inhibition. 

In pathologic states, especially those caused by nutritional distur- 
bances, it is conceivable that the normal resistance offered at these 


12. Fogelson, L. J.: Die Wirkung der extracardialen Nerven auf das Herz, 
vor und nach der Aussehaltung des Sinusknoten, Ztschr. f. d. ges. exper. Med. 
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13. Macleod, J. J. R.: Physiology and Biochemistry in Modern Medicine, ed. 
5, St. Louis, C. V. Mosby Company, 1927. 

14. Woollard, H. H.: The Innervation of the Heart, J. Anat. 60:345, 1926. 

15. Lawrentjew, H. J.: Experimentell-morphologische Studien iiber den feineren 
Bau des autonomen Nervensystems: I. Die Beteiligung des Vagus an der Herzin- 
nervation, Ztschr. f. mikr.-anat. Forsch. 16:383, 1929. 
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ganglions, as well as at the ganglions of the cardiac plexuses, is greatly 
diminished or is lost entirely. The sudden onslaught of the vagal efferent 
impulses induced by carotid sinus stimulation is, then, uninterruptedly 
transmitted to the heart and results in the abnormal response. 

That cardioinhibition is accentuated by lessening the coronary blood 
supply to the heart was demonstrated experimentally by Suschtschinsky** 
as long ago as 1868. In the literature there are clinical records of many 
cases of marked vagal disturbances of the heart, induced by various 
reflexes, such as swallowing. In many instances cardiac damage due to 
coronary disease was found on postmortem examination. The case 
reported by Starling’*” is of particular interest. The patient had 
recurring attacks of unconsciousness due to stoppages of the heart 
induced by swallowing. These were abolished by atropine. Gross 
pathologic changes in the conduction apparatus were observed at autopsy. 
Starling interpreted the attacks as being due to vagal impulses which 
played on a highly diseased structure and yielded an unphysiologic 
response. 

The association of a hyperactive cardioinhibitory carotid sinus reflex 
with arteriosclerosis and coronary disease was observed as long ago as 
1799 by Parry * and many years later by Concoto,’® de Cerenville,”° 
Wenckebach,”* Daniélopolu and Missirlin,?? Braun and Samet ?* and 
others. Their reports concerned isolated cases, and they thought that the 
condition was caused by direct stimulation of the vagus nerve in the 
neck. 

That constitutional and toxic states of the body, in addition to local 
pathologic changes, may make the heart unduly responsive to vagal 
effect is well known. The effect of pilocarpine is an example. The 


16. Suschtschinsky, P.: Ueber den Einfluss des erhéhten und verminderten 
Blutdruckes und der veranderten Ernahrung des Herzens auf die Erregbarkeit der 
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21, Wenckebach, K. F., and Winterberg, H.: Die unregelmassige Herztatig- 
keit, Leipzig, Wilhelm Engelmann, 1927, p. 128. 
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presence of jaundice is another. Owen ** showed that cardiac irregu- 
larities in dogs may be brought about by stimulation, or irritation of the 
hollow abdominal viscera when jaundice is present, whereas in non- 
jaundiced dogs no such irregularities occur on similar stimulation. It js 
conceivable that in various diseased states, as well as in persons with 
inherently vulnerable nervous systems, the resistance offered by the 
synapsis of the ganglion cells guarding the heart is lowered and vagal 
impulses are thus able to pass through freely, producing the phenomenon 
even it: the absence of organic heart disease. 

In view of the frequent occurrence of hyperactive cardioinhibition 
induced by carotid sinus stimulation in various conditions other than 
coronary disease, its application to the diagnosis of such disease is, of 
course, limited. Given, however, a person over 40 years of age who 
presents symptoms suggestive of the presence of coronary disease, a 
distinctly positive reflex may be considered an important corroborative 
finding. It appears as important as the electrocardiogram, which has its 
limitations and misleading implications. 

As an abnormal manifestation, the hyperactive cardioinhibitory reflex, 
whether originating in the carotid sinus or elsewhere, deserves further 
investigation aside from its possible value as an aid in the diagnosis of 
coronary disease. The investigation should include especially the struc- 
tural state of the ganglionic connections in the heart in those cases, a 


problem which has received no consideration in the past and the solution 
of which may explain the various cardiac arrhythmias and sudden, 
hitherto unexplained death. 


SUMMARY 


The normal carotid sinus mechanism is a protective adaptation to 
help maintain normal circulation. The adequate stimuli are changes in 
the intracarotid blood pressure. When the response to carotid sinus 
stimulation is unusually great, it is called a hyperactive carotid sinus 
reflex. 

Hyperactivity may exhibit itself in extreme cardioinhibition, vaso- 
depression and cerebral manifestations. 

This paper deals with an investigation of the hyperactive cardio- 
inhibitory reflex in a series of 1,886 patients, including 1,151 males and 
735 females. It was found that the reflex occurs with greater frequency 
and in higher degrees of response in males than in females. Its fre- 
quency and degrees of response aiso increase as age advances. Coronary 
disease is the most common condition in which the reflex occurs with 
the greatest frequency and the highest degrees of response. The more 
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severe the coronary disease, the more apt the reflex is to occur and the 
greater its degree. Persons with other diseases and even some normal 
persons may present a hyperactive reflex, although not as often and 
to a much lesser degree. 

It appears that the hyperactive cardioinhibitory carotid sinus reflex 
is due to lowered resistance at the synapses in the cardioinhibitory 
center and more so in the extracardiac and intracardiac ganglionic cells 
as well as in the myoneural junctions, allowing the transmission of 
afferent and efferent impulses in a large and at times an overwhelming 
volume. Coronary disease with its associated ischemia is a possible local 
cause for such lowering of resistance. An abnormal constitutional state 
and some defect in the nervous system may be other causes. 

In view of the great frequency of a hyperactive reflex in coronary 
disease, it is recommended as a possible aid in the diagnosis of such 
disease in persons of the arteriosclerotic age who show suspicious signs 
or symptoms. It is also suggested that this reflex receive more study, 
since additional knowledge may help to explain the various cardiac 
arrhythmias and sudden, hitherto unexplained death. 
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Among the roles played by insulin in carbohydrate metabolism, two 
have been stressed in previous publications from this laboratory. These 
roles may be summarized briefly as follows: (1) the control of new 
sugar formation in the fasting state, taken care of by the “basal insulin,” 
and (2) the dextrose-disposing mechanism of insulin, operating by 
oxidation or storage. 

It has been shown by many observers that the depancreatized dog 
in the fasting state has a high blood sugar level. The maintenance ot a 
constant normal blood sugar level in the fasting diabetic dog requires 
the intravenous injection of insulin at the rate of 0.0051 to 0.035 unit 
per kilogram per hour, as shown by Greeley ** and Houssay.? Evidence 
that certain patients with severe diabetes may also have a rising blood 
sugar level in the fasting state has been reported by Martin, Drury and 
Strouse.**° They showed that 0.5 to 3 units of regular insulin was 
required per hour to maintain the blood sugar within the normal limits. 
It was suggested by them that protamine zinc insulin is useful for this 
requirement. 

The “dextrose-disposing” action constitutes a significant part of the 
activity of insulin; this function of insulin is primarily related to the 
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handling of dietary intake and, as suggested by Drury and Greeley,'? 
should be studied on a time-activity basis. Insulin action is considered 
by them in the dynamic sense: “At any given time after an injection 
of insulin there is in the body a certain insulin activity which can be 
definitely measured by measuring the intravenous glucose rate just 
necessary to balance it at that time.” 

This paper is concerned with (1) time-activity curves of protamine 
zinc insulin in the depancreatized dog and in the patient with severe 
diabetes and (2) the clinical application of such curves to the basal 
insulin requirement and the dextrose-disposing insulin requirement for 
the diet of the patient with severe diabetes. 

The procedure for determining the time-activity curve of insulin, as 
reported by Drury and Greeley,’” in the depancreatized dog is, in brief, 
as follows: After a given dose of regular insulin, sufficient dextrose is 
administered intravenously or by mouth at hourly or half hourly intervals 
to keep the blood sugar level between 80 and 120 mg. per one hundred 
cubic centimeters of blood. If the blood sugar level starts to fall, more 
dextrose is given ; or, contrariwise, if too much dextrose has been given 
and the blood sugar level becomes elevated above normal no more dex- 
trose is given until the blood sugar level has fallen to normal. Insulin 
activity is considered to be at an end if the blood sugar level rises when no 
dextrose is given, and more insulin is needed to cover the basal require- 
ment. The method used for patients is essentially similar, but the 
dextrose is given by mouth in order to simulate more closely the condi- 
tions of dietary absorption. 

In the following studies, determinations of blood sugar were made 
on venous blood by the Folin-Wu micromethod, unless otherwise stated. 
A brief summary of the animal’s or patient’s diabetic state and the con- 
ditions of the experiment are tabulated below each chart or table. 

A time-activity curve of 50 units of protamine zinc insulin in the 
(depancreatized dog is seen in figure 1. This chart shows: 1. The onset of 
activity of protamine zinc insulin was slow. No dextrose was required to 
cover insulin activity for the first three to four hours, during which time 
the blood sugar fell to a normal level, of about 100 mg. per hundred cubic 
centimeters of blood. 2. The delayed peak of activity occurred between 
seventeen and twenty-four hours after the administration of insulin. 
3. The duration of action was long, more than thirty-six hours. 4. A 
relatively small amount of carbohydrate was required per hour (average, 
6 Gm, per hour). 5. The total amount of carbohydrate required, 211 
Gm. of dextrose in thirty-six hours, was high, because of the long dura- 
tion of action. 6. The fact that the blood sugar level is a reflection of 
the injection of dextrose, and insulin activity at any moment, is demon- 
strated at point A. Here, too much dextrose was given and the blood 
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sugar content was elevated. With decrease in the rate of administration 
of dextrose, the blood sugar dropped to the previous level. 7. A need 
for basal insulin is indicated by the rising blood sugar level at point 8 
after no dextrose had been administered for three hours. This point (2) 
also indicates the end of the activity of the 50 units of protamine zinc 
insulin. 

This curve represents for the dog used the true time-activity curve 
of 50 units of protamine zinc insulin, since the animal was totally depan- 
creatized and any unknown amount of insulin secreted from the pancreas 
could be eliminated from consideration. 
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Fig. 1—Measurement of the activity (the amount of dextrose that must be 
given per hour to keep the blood sugar level constant) of 50 units protamine zinc 
insulin in a diabetic dog. 


Protocol for figure 1: 
Diabetic dog: Theo, female, wt. 15 Ibs. (6.75 Kg.). 
Depancreatized: 2.5 years previously. 
Regular regimen: 
9 a.m. 50 Gm. sugar in soup 
50 Gm. meat 
25 Gm. pancreas 
10 units regular insulin 
5 p.m. Same as 9 a. m. 
10 p. m. 50 Gm. sugar in soup 
10 units regular insulin 
Preparation for experiment, diet and insulin day before the test: 
9 a.m. 50 Gm. sugar in soup 
50 Gm. meat 
50 Gm. pancreas 
10 units regular insulin 
5 p. m. nothing to eat 
4 units regular insulin 
10 p. m. 4 units regular insulin 
Condition of experiment: Dog received no food during test except dextrose 
intravenously, as indicated on chart. 
Condition of dog: Good. ; 
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A time-activity curve of 100 units of protamine zinc insulin in a 
patient with severe diabetes is seen in figure 2. The general similarity 
of this curve (fig. 2) to that found in the depancreatized dog (fig. 1) 
is striking, indicating that in the main the shape of the curve may be 
interpreted as due to the activity of protamine zinc insulin rather than 
to the activity of insulin from the patient’s pancreas. This chart demon- 
strates: (1) the onset of measurable activity four hours after the injec- 
tion of insulin was given, with the peak of activity occurring between 


gonlined sugar mg. /100 cc. Gm. dextrose per a. 
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Fig. 2.—Measurement of the activity (the amount of dextrose that must be 
given per hour to keep the blood sugar level constant) of 100 units of protamine 
zine insulin in a patient with severe diabetes. 





Protocol for figure 2: 

Patient: J. D., white, male, aged 55. 
Diabetes: Known duration, three years. 

On regular insulin 20-0-20. 

Diet not known. 
Hospital entry: Three weeks before study, in diabetic coma, precipitated by 

vomiting, diarrhea and discontinuance of insulin for three days. 

Hospital regimen before study: 

Diet: Carbohydrate 

Protein 


Insulin: 50 units of protamine zinc insulin before breakfast for nine days 
before study. 
Glycosuria (day prior to study) : 
Slight trace of sugar 6 a. m. specimen single voided. 
Slight trace of sugar 9 a. m. specimen single voided. 
+-- trace of sugar 3 p. m. specimen single voided. 
+++ trace of sugar 9 p. m. specimen single voiced. 
Preparation for experiment: Regular diet and insulin day before experiment. 
Condition of experiment: Patient received no food during entire experiment. 
Condition of patient at time of experiment: Good; patient ambulatory. 


twenty-four and thirty hours after injection, and with a duration of 
activity of more than forty-eight hours; (2) the minimum hourly 
dextrose requirement of 0 to 2 Gm., with a maximum of 16 Gm. and an 
average of 8 Gm., and (3) the total dextrose requirement of 386 Gm. 
in forty-eight hours. 
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Figure 3 is the smooth curve obtained from figure 2 by rouglily 
correcting the changes which occurred because of ingestion of too much 
or too little dextrose and represents the time-activity curve of 100 units 
of protamine zinc insulin in a given diabetic patient. 
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Fig. 3.—Time-activity curve of 100 units of protamine zinc insulin in a 
diabetic patient (approximated from results in chart 2). ; 
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Fig. 4—Measurement of activity of 50 units of protamine zinc insulin in 2 
diabetic patient. 
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Protocol for figure 4: 
Patient: C. K., white, male, aged 73. 
Diabetes: Known duration, three years. 
On 30 units of protamine zinc insulin before breakfast. 
Diet: Carbohydrate 


80 Gm. 
Hospital entry: Several weeks prior to study for foot infection. 
Hospital regimen before study: 
Diet: Carbohydrate 
Protein 


Insulin: 30 units protamine zinc insulin for eight days, 35 for two days; 
then 30 units protamine zinc insulin and 10 units regular insulin dail) 
before breakfast. 

Glycosuria: Variable, trace to 4 plus in all specimens. 

Preparation for experiment: Regular diet and insulin day before experiment. 

Condition of experiment: Patient received no food during entire experiment 
except dextrose administered orally, as indicated in chart. 

Condition of patient at time of experiment: good; foot infection healed. 


Figure 4 is the time-activity curve of 50 units of protamine zinc 
insulin in another diabetic patient. This chart shows the small total 
amount of dextrose (35 Gm.) required to maintain the blood sugar 
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between 137 mg. and 167 mg. per hundred cubic centimeters of blood 
during twenty-four hours. 

Figure 5 shows a somewhat similar time-activity curve, of 30 units 
of protamine zinc insulin in a third diabetic patient. 

The results of the attempt to obtain time-activity curves with smaller 
amounts of protamine zinc insulin in the depancreatized dog and a 
patient with severe diabetes are tabulated in tables 1, 2 and 3. 
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Fig. 5.—Measurement of the activity of 30 units of protamine zinc insulin in a 
diabetic patient. 


Protocol for figure 5: 
Patient: L. S., Mexican, male, aged 53. 
Diabetes: Known duration, two months. On an unknown amount of insulin, 
two months. Diet restricted, but amount unknown, two months. 
Hospital entry: Twenty-four days before study, for gangrene in right foot. 
Hospital regimen: 
Amputation of right leg, three weeks before study. 
Diet: Carbohydrate 
Protein 


Insulin: 15-15-15 regular insulin, following amputation; then changed to 
40 units protamine zinc insulin for five days, then 30 units of protamire 
zinc insulin for two days before test. 

Glycosuria: Occasional trace of sugar. 

Preparation for experiment: Regular diet and insulin day before experiment. 

Condition of experiment: Patient received no food during entire experiment 
except dextrose administered orally, as indicated in chart. 

Condition of patient at time of experiment: Good. 


Table 1 shows the ability of 10 units of protamine zinc insulin to 
control the endogenous metabolism only in the fasting depancreatized 
dog. It is apparent that the blood sugar level never became low enough 
to require the administration of dextrose. The results are particularly 
interesting in view of the fact that this dog had been found on several 
previous examinations to have a high basal insulin requirement (about 0.5 
units per hour or 12 units required in twenty-four hours). The 10 units 
of protamine zinc insulin controlled only this basal insulin requirement, 
as there was very little fluctuation of the blood sugar level during twenty- 
four hours, 190 to 266 mg. per hundred cubic centimeters of blood. (It 








200 ARCHIVES OF INTERNAL MEDICINE 


is to be noted that this experiment was terminated before the insulin 
activity was completed, since the last determination of blood sugar 
showed a falling level.) 


TABLE 1.—Control of the Basal Insulin Requirement in Spot, Depancreatised Dog, 
with Protamine Zinc Insulin (10 Units) 








Blood Sager, 
Mg. in Each Insulin, 
Time 100 Gc. ai Blood Units PZI * 
ir taasacedseve 8:18 a. m. 235 
8:20 a. m. oe 10 
9:17 a. m. 194 
10:00 a. m. 204 
11:30 a. m. 190 
1:04 p. m. 266 
2:00 p. m. . 235 
3:06 p. m. 250 
4:02 p. m. 266 
8:40 p. m. 250 
Shad bos ckey 8:15 a. m. 210 





* PZI, protamine zinc insulin. 

t Reguler insulin. 

Protocol for table 1: 
Diabetic dog: Spot, female, wt. 14.5 Kg. 
Depancreatized 5 months previously. Regular regimen: 

Diet: % of 400 Gm. meat and 300 Gm. sugar at 9a. m.; 15 units RI + 
¥ of 400 Gm. meat and 300 Gm. sugar at 5 p. m.; 15 units RI; 
¥% of 400 Gm. meat and 300 Gm. sugar at 10 p. m.; 15 units RI} 

Condition of experiment: Dog received no food during entire experiment. 
Condition of dog at time of experiment: Good. 


TABLE 2.—Control of the Basal Insulin Requirement in Spot, Depancreatized Dog, 
with @ Larger Dose of Protamine Zinc Insulin (Thirty Units) 








Foot ayy 
in Each Insulin, 
Time 100 Dee, of Blood Units PZi * 
GGG ck dei eikcces 6:20 a. m. 265.1 
6:30 a. m. ose 30 
8:30 a. m. 196 
9:37 a. m. 200 
10:58 a. m. 176.4 
1:20 p. m. 143.9 
2:47 p. m. 160 
4:00 p. m. 166 
5:45 p. m. 196 
9:35 p. m. 222 
QI sic veces eveece 10:00 a. m. 142 
1:20 p. m. 227 
4:00 p. m. 230 





* PZ, —— zine insulin. 
t Regular 
Protocol for table 2 (see table 1) : 
Preparation for experiment: Diet and insulin day before test. 
Diet: 9 a.m. 200 Gm. pancreas; 15 units RIT 
200 Gm. sugar 
400 Gm. meat 
5 p.m. 75 Gm. sugar in soup; 10 units RI¢ 
10 p.m. 75 Gm. sugar in soup; 10 units RI + 
Condition of experiment: Dog received no food during entire test. 
Condition of dog at time of experiment: Good. 
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Table 2 gives the results in the same dog after 30 units of protamine 
zinc insulin was given. While nc dextrose was required to prevent 
hypoglycemia, even with the larger dose, there was considerably more 
fluctuation of the blood sugar level, 142 to 263 mg. per hundred cubic 
centimeters of blood. (This experiment was also terminated before 
insulin activity was at end, since the blood sugar level during the last 
few hours of the experiment was stationary. ) 


TABLE 3.—Control of the Basal Insulin Requirement in Patient J. S. 
with Protamine Zinc Insulin 








Blood Sugar, 


Mg. in Each Insulin, 
Time 100 Ce. of Blood Units PZi * 
rere eee 6:50 a. m. 172.4 
7:15 a. m. onesie 40 
10:40 a. m. 142.8 
12:55 p. m. 163.9 
3:50 p. m. 153.8 
8:00 p. m. 142 
11:00 p. m. 133 
ee 1:16 a. m. 140 
6:40 a. m. 206.2 





* PZI, protamine zine insulin. 
+ Regular insulin. 
Protocol for table 3: 
Patient: J. S., white, male, aged 16. 
Diabetes: Known duration, four years. 
Insulin: 20 units PZI* before breakfast; 20 units RI + before breakfast 


and dinner. 
Se IEE i. oy voi ty. 5 sFi's caso 5 Ve dbus bus 200 Gm. 
I ie oer a ls CS ies elo saba pens ee 80 Gm. 
(eR tn GRRE Sy ie oe oar eee 100 Gm. 


Hospital entry: Nine days before study, for infection of the respiratory tract. 
Hospital regimen : 


ee gale asic bosses ca diese Wa vetana ee 225 Gm. 
ET RO eg as ae okies wip wi 90 Gm. 
RE cree vans s LS a oe Going aks wanes ous 80 Gm. 


Insulin: On regular insulin at first, then 40 units PZI * before breakfast 
for three days before test. 
Glycosuria: Variable, but always moderate to large amounts of sugar 
present. 
Conditions of experiment: 
Patient on regular diet and insulin, day before test. 
7 p. m., evening before test, 15 additional units RI + for glycosuria. 
12 p. m., before test 20 additional units RI + for glycosuria. 
3 a. m., four hours before test, orange juice, unknown amount for insulin 
reaction. 
Patient fasting throughout test. 
Condition of patient at time of experiment: Good, although diabetes not 
well controlled. 


Similar results with small doses of protamine zinc insulin were 
obtained in several fasting patients with severe diabetes. Table 3 is 
illustrative of such studies and shows the fact that in a person with 
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severe diabetes 40 units of protamine zinc insulin was able to cover 
the basal insulin requirement only for eighteen hours. No dextrose was 
required to maintain a constant blood sugar level or to prevent hypo- 
glycemia. The rising blood sugar content between the eighteenth and 
the twenty-fourth hour demonstrated the end of the activity of the 40 
units of protamine zinc insulin and the fact that this patient had a basal 
insulin requirement. In another fasting, severely diabetic patient, who 
had been shown previously to have a basal insulin requirement of more 
than 2 units per hour, 40 units of protamine zinc insulin just met this 
requirement for eighteen hours. During this period the blood sugar 
content was between 100 and 160 mg. per hundred cubic centimeters o/ 
blood (table not given). 

The major clinical significance of these time-activity curves of prot- 
amine zinc insulin lies in the fact that they represent the amount of 
dextrose which will be required to maintain a normal blood sugar level 
during any time interval after an injection of insulin is administered. 
The practical import of this is the question whether a dietary schedule 
can be planned which will furnish dextrose at a rate which parallels 
the time-activity curves of large doses of protamine zinc insulin (50 
to 100 units). It is known from numerous studies that ingested carbo- 
hydrate is quickly absorbed in from one-half to two or three hours. 
while the absorption and conversion of proteins to amino acids (and 
thence, in part, to dextrose) occur between two and five hours.’ Fat 
indirectly affects the dextrose absorption rate, since it slows the absorp- 
tion of protein and carbohydrate. Any mixture of foodstuffs is known 
to delay the absorption of each constituent; and this is particular], 
true of fat.* The dextrose derived from the carbohydrate and protein 
of an ordinary mixed diet reaches the peak of absorption in two to three 
hours and then gradually falls to an end within five to eight hours 
Campbell * spoke of this as the “glucose load on the pancreas.” A dex- 
trose absorption rate which will parallel the activity of moderately small 
doses (under 50 units) of protamine zinc insulin in a person with mild 
or moderately severe diabetes may be obtained by the use of high 
protein—high fat diets® or carbohydrate feedings at intervals.6 With 
larger doses (over 50 units) of protamine zinc insulin, the time- 
activity curves illustrate graphically the reason for the conclusions which 


3. Lusk, G.: The Elements of the Science of Nutrition, ed. 4, Philadelphia, 
W. B. Saunders Company, 1928. . 

4. Campbell, W. R.: Some Difficulties in the Use of the Insulins in Diabetic 
Practice, Bull. New York Acad. Med. 15:579-596 (Sept.) 1939. 

5. Pollack, H., and Dolger, H.: Advantages of Prozinsulin (Protamine Zinc 
Insulin) Therapy: Dietary Suggestions and Notes on the Management of Cases, 
Ann. Int. Med. 12:2010-2021 (June) 1939. 

6. Protamine Insulin and Diet in Diabetes Mellitus, editorial, Ann. Int. Med. 
11:2048-2050 (May) 1938. 
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many Clinicians have reached empirically regarding the treatment of 
patients with severe diabetes.’ These conclusions are: 1. Large doses 
frequently cause hypoglycemia in the postabsorptive period. 2. More 


TaBLE 4.—Study of One Hundred Units of Protamine Zinc Insulin in Relation 
to Diet in Patient J. D. 








Blood Sugar, 
Mg. in Each Insulin, 
Time 100 Ce. of Blood Units PZI * 


10/15/39 


750 a. m. 

765 a. m. i ndnatteteedasets 100 
(in 2 injections 
of 50 units each) 
8:35 a. Breakfast; 
1/5 carb. 
9:55 a. 
8:30 a. 
11:30 a. 
11:40 a. 
12:00 a. 


os 
° 


400 ce. = 14Gm 


2/5 carb. 
1:45 p. 
11:30 a. 
4:30 p. 
4:40 p. 
5:00 p. 
6:40 p. 
9:10 p. 

10/16/39 
1:00 


= 
° 


500-cc, = 4.8 Gm 


Dinner; 
2/5 carb. 


BB BEEBE EBEEE & 


800 cc. = 0 Gm. 


m. 
4:30 p. m. 
2:00 a. m. 
3:00 a. m. 
m. 
m. 
m. 
m. 


5.00 a. 
5:30 a. 


2:00 a. 


5:30 a. 250 ec. = 0Gm 





* PZI, protamine zine insulin. 


Protocol for table 4 (see also protocol for figure 2) : 

Patient: J. D., white, male, aged 55. 

Diabetes: Known duration, three years. 
Insulin: 65 units PZI * before breakfast. 
Diet: Carbohydrate 

Protein 


Glycosuria: Moderate. 
Hospital entry: For study while on diet; no complaints. 
Preparation for experiment: None. 
Condition of patient at time of experiment: Good. 


7. Joslin, E. P.; Root, H. F.; White, P., and Marble, A.: The Treatment of 
Diabetes Mellitus, ed. 6, Philadelphia, Lea & Febiger, 1937. Boyd, J. D., and 
Jackson, R. L.: Levels of Control in the Treatment of Diabetes Mellitus, J. A. M. 
A. 111:906-909 (Sept. 3) 1938. 
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quickly acting insulins are required to cover the dietary load if post- 
prandial hyperglycemia is to be avoided in the patient with severe 
diabetes. The curve of activity, in other words, does not parallel the 


TaBLe 5.—Study of One Hundred Units of Protamine Zinc Insulin in Relation 
to Diet in Patient C. McF. 








Blood Sugar, 
Mg. in Each Insulin, 
Time 100 Ce. of Blood Units PZI * 
10/12/39 


6:30 a. 
7:15 a. 


9:15 a. 
10:45 a. 
11:00 a. 


8:30 a. 
1:00 p. 
1:10 p. 
3:50 p. 
1:00 p. 
3:50 p. 
4:30 p. 
6:50 p. 
3:50 p. 
7:00 p. 
11:20 p. 
7:00 p. 
11:30 p. 
10/13/39 
3:40 


Breakfast; 
1/6 carb. 


Lunch; 
2/5 carb. 


s 


1,100 ce. = 13.8 Gm. 


o 
° 


Dinner; 
2/5 carb. 


tal 
° 


1,600 ec, = 11.75 Gm. 


ad 
° 


750 ce. = 8.3 Gm. 


5:45 a. 
11:30 p. 
5:30 a. 


5:30 a. m. to 
8:15 a. m. whiners 125 ec. = 0.21 Gm. 


= 
BBBB BEB EES SSBBBSE BEB BS 
s 


400 cc, = 2.64 Gm. 





* PZI, protamine zine insulin. 


Protocol for table 5: 
Patient: C. McF., white, female, aged 24. 
Diabetes: Known duration, seven years. 
Insulin: 60 units PZI * before breakfast plus 20-0-10 (crystalline). 
Diet: Carbohydrate 


Glycosuria: Unknown amount; patient stated control fair. 
Hospital entry: Four weeks before this study, for a vulvar abscess which 
healed several weeks before this study. 
Hospital regimen: 
Diet: Carbohydrate 


Insulin: 80 units PZI* plus 15-10-5, four days before study. 
Glycosuria: Variable, but large amounts in a. m. 
Preparation for experiment: None. 
Condition of patient at time of study: Good, although in process of having 
teeth extracted; 2 extracted one week before study and 2 extracted 
one day before study. 





TABLE 6.—Study of Eighty Units of Protamine Zinc Insulin in Relation to 
Diet in Patient H. R. 








Blood Sugar, 
Mg. in Each Insulin, 
Time 100 Ce. of Blood Diet Urine t Units PZI ¢ 
6/26/39 OC. 191 Gm. 
P. 73 Gm. 


4:00 p. m. 80 
6/27/39 : 

6:00 25 Gm. dex- \ — Convulsions 
trose § i. v. 


7:30 a. Breakfast; 
1/5 carb. 
9:00 a. 
9:30 a. 


11:15 a. 
2/5 carb. 
1:15 p. 
1:30 p. 
4:00 p. 
4:30 p. 


6:30 p. 
7:00 p. 
10:35 p. 
11:00 p. 


? no. ce. = ++++ 


BEES BBBE BES #8 


Sandwich; 
CO. 15, P. 8, F.7§ 
6/28/29 
1: 


00 a. 

3:30 a. m. 

4:00 a. m. Orange juice, 
402.8 


5:00 a. m. Suben Orange juice, 
402.8 





* Benedict method of blood sugar determination. 
+ All urine specimens recorded are single specimens. 
t PZI, protamine zine insulin. 

$ In addition to diet. 

** RI, regular insulin. 


Protocol for table 6: 
Patient: H. R., white, male, aged 14. 
Diabetes: Known duration, seven years. 
Diet: Carbohydrate 
Protein 


Insulin: PZI+ 40 units; RI** 14 units. 
Glycosuria: 2-3 per cent. 
Hospital entry: Six weeks before study, for traumatic injury to wrist. 
Hospital regimen: 
Diet: Carbohydrate 
Protein 
Fat . 
Insulin: 70-85 units PZI+ late afternoon or evening; occasionally sup- 
plemented with 10-15 units RI.** 
Preparation for experiment: None. 
Condition of patient at time of study: Satisfactory, except for poor control 
of diabetes. 
205 
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abrupt rise in the absorption of dextrose after a meal or the sharp fall 
in the postabsorptive period. 

A few studies of persons with severe diabetes on a restricted diet 
and very large doses of protamine zinc insulin will serve to illustrate 
these points. 

Tables 4 and 5 show for 2 different diabetic patients the marked 
postprandial hyperglycemia occurring after each meal, even with the use 
of 100 units of protamine zinc insulin. The inability of 80 units of 
protamine zinc insulin to handle carbohydrate in the diet without the 
occurrence of marked hyperglycemia in another patient with severe 
diabetes is seen in table 6. Alternating with these periods of hyper- 
glycemia are those of distinct hypoglycemia in the postabsorptive interval. 
To smooth out these large diurnal swings of blood sugar level (33 to 
400 mg. per hundred cubic centimeters of blood), this patient would 
require properly spaced frequent feedings. 


SUMMARY 


The importance of measuring insulin action on a time-activity basis 
is discussed. 

Time-activity curves of large doses of protamine zinc insulin in the 
depancreatized dog and in the patient with severe diabetes are presented. 
These curves show graphically: (1) the slow onset of activity, with 
delayed peak of activity; (2) the long duration of action, and (3) the 
relatively small amount of carbohydrate required per hour, as compared 
with the large total amount of carbohydrate required. 

The clinical application of such curves is discussed, with particular 
reference to (1) the excellent control of the basal insulin requirement 
of certain patients with severe diabetes by use of protamine zinc insulin 
in amounts under 40 units, and (2) the necessity of using more quickly 
acting insulins to cover the dietary load in patients with severe diabetes 
if postprandial hyperglycemia is to be avoided. 
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Allergy means literally a strange reaction exhibited by the body to 
a wide variety of foreign substances. The results of it touch almost 
every field of medicine, and it is not surprising that the literature 
increases tremendously. Any review of this literature either must attain 
the size of a large book like Sulzberger’s new volume, entitled ““Derma- 
tologic Allergy,” * which, as its name indicates, covers only a portion 
of the entire subject, or else must consist of a summary of a few articles 
chosen according to the special interests of the compiler. Several sum- 
maries have appeared during the year. Simon? presents an excellent 
outline in Nelson’s “Specialties in Medical Practice.” Rowe* has a 
new chapter on bronchial asthma in “Nelson New Loose Leaf Medicine.” 
5. Feinberg and Bernstein * have reviewed one hundred and twenty-two 
articles on asthma and hay fever contributed during 1939, and Harten 
and Walzer *® have summarized an even larger number of papers on 
serum allergy. If this present review dwells on certain aspects of allergy, 
it is chiefly because I personally find them of greater interest, and my 
casual treatment of other aspects does not imply that another writer with 
other interests would not place his emphasis in other directions. 

The symptoms of allergy are brought on by contact with some offend- 
ing substance to which a patient is hypersensitive. How did he “get 
that way,” and what is the nature of the process by which the symptoms 
develop? One talks about “the allergic state” and “the typical allergic 
person” and in doing so implies that there is in the patient a particular 


From the Allergy Clinic and Laboratory, Massachusetts General Hospital. 

1. Sulzberger, M. B.: Dermatologic Allergy: An Introduction in the Form 
of a Series of Lectures, Springfield, I1l., Charles C. Thomas, Publisher, 1940. 

2. Simon, F. A.: Allergy, in Allen, E. van N.: Specialties in Medical Practice, 
New York, Thomas Nelson .& Sons, 1940. 

3. Rowe, A. H.: Bronchial Asthma, in Nelson New Loose Leaf Medicine, 
New York, Thomas Nelson & Sons, 1939, vol. 3, chap. 6, p. 453. 

4. Feinberg, S. M., and Bernstein, T. B.: Asthma and Hay Fever: Con- 
tributions During 1939, J. Allergy 11:281, 1940. 

5. Harten, M., and Walzer, M.: Serum Allergy, J. Allergy 11:68, 1939. 
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capacity for the development of sensitiveness to substances in his environ- 
ment and that this capacity is the essential reason for all the manifesta- 
tions of his disease. That a special capacity exists is attested by studies 
of the progress of the condition and the ultimate fate of the patient. 
The child with eczema is more likely to have hay fever or asthma 
develop in later life than is the normal child. That sensitiveness js 
directed to a variety of different substances to produce a number of 
different manifestations—eczema and asthma, for example—at the same 
time is strong evidence of a fundamental background. Here is the real 
problem in allergy. Hill*® reminds one of the vast difference between 
“being allergic,” by which he means the ability to show a positive reac- 
tion to a cutaneous test, and “being a sufferer from allergic diseases.” 
Something about the incidence of allergy, that is, of allergic symptoms, 
in the general population is known. It is recognized’ that the condition 
is often inherited, but otherwise little of the fundamental background is 
understood. 

Brem and Colmes’ have studied the families of allergic children and 
find that the symptoms of allergy as well as the positive reactions to 
cutaneous tests are more frequent in these families than in a control 
group of normal families. On the other hand, there is increasing evi- 
dence to show that the symptoms of allergy, like those of hay fever 
and asthma, may develop even without a predisposition or any special 
tendency. For example, Hill* finds that when the nursing infant is 
weaned to cow’s milk, precipitins and positive reactions to cutaneous 
tests as well as eosinophilia will develop normally in from ten to twenty 
days after the start of the new feeding. These changes, however, are al! 
temporary, and after several months the antibodies, the reactions to the 
cutaneous tests and the eosinophilia all clear away. During the period 
there may be trouble from asthma or eczema, but, in most cases, the 
objective changes occur without evidence of clinical disease. The reac- 
tion is allergic, just as serum disease is allergic, but it is a normal 
process occurring in a normal person. 

Similarly, in the case of pneumonia, Wood ® has described in simple 
language and clear argument the development of antibodies and of posi- 
tive reactions to cutaneous tests and their significance in showing the 


6. Hill, L. W.: Critical Review: Immunologically Altered Skin Reactivity in 
Nonatopic Persons, J. Allergy 11:170, 1940. 

7. Brem, J., and Colmes, A.: Clinical and Potential Allergy in Families with 
Allergic Children, New England J. Med. 223:329, 1940. 

8. Hill, L. W.: Miik as an Allergen, read at the Boston Allergy Round Table, 
June 14, 1939; footnote 6. 

9. Wood, W. B.: The Control of the Dosage of Antiserum in the Treatment 
of Pneumococcal Pneumonia: I. A Study of the Mechanism of the Skin Reaction to 
Type Specific Polysaccharide, J. Clin. Investigation 29:95, 1940; II. The Clinical 
Application of the Francis Skin Test, ibid. 29:105, 1940. 
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mechanism of this typical infectious disease; here again is a reaction 
occurring in a normal person. More on this subject will be presented 
later. 

The actual development of clinical sensitiveness depends largely on 
the duration of exposure to the particular foreign substance. Clarke 
and Leopold *° show two curves which contrast the age at onset of hay 
fever among persons born in America with the age at onset among 
those born in foreign countries. The age among the latter was much 
greater. If, however, the length of residence of the foreigners in the 
United States is compared with the age of onset of those born in 
America, the curves for the two are almost identical. In each case the 
time factors were determined by the amount and duration of exposure. 

In similar fashion, Phillips ** notes the sharp increase in the number 
of persons near Phoenix, Ariz., who have become sensitive to the pollen 
of the newly encountered sugar beet. Up to 1936 there was little sugar 
beet in Arizona, but at that time 1,800 acres (7.3 square kilometers ) 
were planted, and two years later Phillips identified 109 patients sensi- 
tive to the sugar beet pollen. 

Buffum and B. Feinberg ** followed the development of asthma 
in three pairs of identical twins. The age of onset, the severity of the 
asthma and the particular allergens concerned were similar in the mem- 
bers of each pair, but they were not identical and the variations depended 
on differences in exposure. 

In the meantime, three papers point to new routes by which sensi- 
tiveness can be induced. Garver ** found that 3 nonallergic recipients 
were easily sensitized by giving them transfusions of 500 cc. of whole 
blood from an allergic donor. Reactions to cutaneous tests, which were 
negative before, became positive after the transfusion, were strongest on 
the fourth or fifth day and persisted for about two weeks. The symp- 
tomatic sensitivity was not tested. By the method of studying the reac- 
tions in passively sensitized sites on the skin, Gray and Walzer ** showed 
that peanuts ground in water and injected into the rectum were absorbed 
sufficiently by the normal person to induce a reaction in the previously 
sensitized site within sixteen minutes. In another experiment, Walzer 


10. Clarke, J. A., and Leopold, H. C.: Effect of Pollen Contact upon the 
Age of Onset of Hay Fever, J. Allergy 11:494, 1940. 

11. Phillips, E. W.: Time Required for the Production of Hay Fever by a 
Newly Encountered Pollen, Sugar Beet, J. Allergy 11:28, 1939. 

12. Buffum, W. P., and Feinberg, B.: Bronchial Asthma in Three Pairs of 
Identical Twins: Special Reports, J. Allergy 11:604, 1940. 

13, Garver, W. P.: The Transference of Reagins in Blood Transfusions, J. 
Allergy 11:32, 1939. 

14. Gray, I., and Walzer, M.: Studies in Absorption of Undigested Protein 
in Human Beings, J. Allergy 11:245, 1940. 

15. Walzer, A.: A Direct Technic for Demonstrating the Parcutaneous 
Absorption of Antigens, Arch. Dermat. & Syph. 41:692 (April) 1940. 








210 ARCHIVES OF INTERNAL MEDICINE 


showed that foreign protein suspended in a petrolatum base and rubbed 
into the skin of one arm would cause a wheal to develop at a passively 
sensitized site in the opposite arm. The antigen had been absorbed 
directly through the unbroken skin. Foreign protein can enter the 
body through various routes. 

Meantime, the symptoms of asthma have been produced in guinea 
pigs by Ratner,’® who repeated previous experiments in which animals 
were exposed to a dust of dried horse dander or to a fine spray of dander 
extract. Exposure caused the development of sensitiveness, and after 
an interval a reexposure to the dust or spray caused symptoms of 
asthma in the animals so sensitized. 

Do the manifestations of allergy appear only in certain persons? 
There are various experiments which throw light on the subject, but 
in interpreting their significance, one must be careful to distinguish 
between those factors which might alter the primary tendency for sen- 
sitiveness to develop in an animal and those other factors which are 
concerned with the elicitation of symptoms. 

In previous reviews, I** have pointed repeatedly to the difference 
between the rat and the guinea pig as illustrating the difference between 
those few persons in whom the signs of clinical allergy develop easily 
and the many others in whom there is no tendency for sensitiveness to 
develop. The rat can be sensitized with great difficulty, if at all, 
whereas the guinea pig is very susceptible to the effect of the injection 
of foreign protein. Various hypotheses have been offered to explain 
the difference in the reactions of the two animals and, more important, 
to explain the variation in the reactions of certain human beings. 


VITAMINS 


The vitamins form the basis of one hypothesis which holds that 
variations in feeding and nutrition can determine the development of 
allergy in a person. Vitamin C has been studied more than the other 
vitamins. Previously, Sulzberger and his associates** have noted a 


16. Ratner, B.: Experimental Asthma, Am. J. Dis. Child. 58:699 (Oct.) 
1939. 

17. Rackemann, F. M.: (a) Allergy: Review of Current Literature, Arch. 
Int. Med. 55:141 (Jan.) 1935; (b) Review of Literature of 1935, ibid. 57:184 
(Jan.) 1936; (c) Review of Literature of 1936, ibid. 59:144 (Jan.) 1937; (d) 
Review of Literature of 1937, ibid. 61:129 (jan.) 1938; (e) Review of Literature 
of 1938, ibid. 63:173 (Jan.) 1939; (f) Review of Literature of 1939, ibid. 65: 
185 (Jan.) 1940. 

18. Sulzberger, M. B., and Oser, B. L.: Influence of Ascorbic Acid of Diet 
on Sensitization of Guinea Pigs to Neoarsphenamine, Proc. Soc. Exper. Biol. & 
Med. 32:716, 1935. Sulzberger, M. B., and Mayer, R. L.: Sensitizations, Arch. 
Dermat. & Syph. 24:537 (Oct.) 1931. 
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marked variation in the ease with which certain groups of guinea pigs 
accept an active sensitization of the skin, and they have been able to 
show that this variation depended to a large extent on the way in which 
the animals were fed. Whether the differences concern the primary 
sensitization or the suppression of the subsequent reaction is hard to 
say, but in a recent discussion, Sulzberger has recalled the experiment 
of Cormia,’® who worked on experimental arsphenamine dermatitis in 
guinea pigs and found that the animals became sensitive without regard 
to the amount of vitamin C in their diet. The demonstration of the 
reaction, however, was closely concerned with vitamin C. High doses 
inhibited the reaction, but the animals were proved to be sensitive, since 
later the doses of ascorbic acid were reduced nearly to the scorbutic 
level and then the reactions became positive. 

Bronfenbrenner *° and his co-workers have studied the development 
of sensitiveness in guinea pigs which were fed large amounts of egg 
white by mouth and which at the same time were given a diet containing 
varying quantities of vitamin C. In a group of animals fed on a general 
diet with plenty of vitamin C no sensitization occurred, but in another 
group of animals fed on a scorbutogenic mixture sensitiveness could be 
elicited easily. That a part of the same group of animals could be pro- 
tected by injections of large amounts of ascorbic acid is an important 
part of the experiment. The discussion of this paper was good. It 
was said that vitamin A may perhaps be quite as important as vitamin C. 
Moreover, S. Feinberg,?* who had also conducted feeding experiments 
on anaphylaxis in the rat, declared that animals on a diet deficient in 
vitamin E became susceptible to anaphylaxis, but when the vitamin was 
replaced their susceptibility disappeared. To him, Feinberg stated, 
wheat germ oil was important, and then he added, sorrowfully, that the 
feeding of wheat germ oil in large quantities to his patients had not 
seemed to help them. Further discussion recalled the early observations 
of Schloss and Worthen *? that sensitiveness develops in marasmic infants 
more often than in normal ones. Perhaps the withdrawal of vitamin C 
results merely in a change in the permeability of the intestinal mucosa. 
Shaw and Thelander ** present further evidence that vitamin C is con- 


19. Cormia, F. E.: Experimental Arsphenamine Dermatitis: Infuence of 
Vitamin C in Production of Arsphenamine Sensitiveness, Canad. M. A. J. 36:392, 
1937, 

20. Bronfenbrenner, J.; Hetler, D. M.; Love, F. M., and Burnett, J. M.: Experi- 
mental Alimentary Allergy and Its Prevention, J. Allergy 11:466, 1940. 

21. Feinberg, S. M., in discussion on Bronfenbrenner and others.2° 

22. Schloss, O., and Worthen, T. W.: The Permeability of the Gastro-Enteric 
Tract of Infants to Undigested Protein, Am. J. Dis. Child. 11:342 (May) 1916. 

23. Shaw, E. B., and Thelander, H. E.: Importance of Sensitization Mechanism 
in Clinical Phenomenon of Allergy: Possible Cause and Prevention, Am. J. Dis. 
Child. 58:581 (Sept.) 1939. 
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cerned with the development of clinical allergy in man. Would it not 
be interesting to find that hay fever, asthma and eczema depended on 
nothing more important than the inadequate feeding of certain vitamins 
in the early years of life? 

HISTAMINE 

Another theory to explain the symptoms of allergy is the concept 
that allergic persons are more susceptible to the action of histamine 
than are normal persons. Histamine makes the uterus of the normal 
guinea pig contract. On intravenous injection it causes a marked fall 
in the blood pressure of the cat and a severe bronchospasm in the guinea 
pig. Applied to a scratch in the skin of man and animals, it causes an 
immediate wheal and an erythema reaction. All of these effects are 
quite like those produced by the specific allergen applied to sensitive 
persons, and so comes the theory often discussed that the symptoms of 
allergy excited by a wide variety of different causes depend ultimately 
on the release of histamine from the sensitized cell as a result of the 
injury incidental to the union of antigen and antibody on the surface 
of that cell. There is no doubt but what histamine can produce all of 
these effects, but whether it does produce them during normal natural 
processes is another matter. The blood and lymph taken from dogs 
during anaphylactic shock, the perfusion fluid containing antigen which 
has been passed through the isolated lungs in sensitized guinea pigs, as 
well as the extracts of various tissues from animals in shock—all of 
these materials reveal physiologic activities when tested on the isolated 
intestine of the guinea pig or on the blood pressure of the cat which 
suggest that they contain histamine. 

It is fair to note, however, that another substance, acetylcholine, is 
also present in normal tissue and has a physiologic effect which is 
similar to that of histamine. I submit that one must be critical of results 
which lead to the claim that histamine is the responsible factor when 
these are based simply on physiologic experiments. One must be quite 
certain that the blood or the tissue extract to be tested has been boiled 
so as to destroy the acetylcholine, which is so unstable. Histamine will 
withstand boiling even in the presence of acid. However, chemical 
identification of histamine has been accomplished in a few instances. 
The first successful attempt was made by Barger and Dale in 1910. 
In 1919 Abel and Kubota.** isolated histamine dipicrate from dried 
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pituitary material, but it was not until 1927 that Best, Dale, Dudley and 
Thorpe *° prepared histamine in crystalline form from normal tissues. 
In tissues, acetylcholine is quickly destroyed by a normal ferment called 
cholinesterase. This destruction, however, can be blocked by the addi- 
tion of small quantities of physostigmine, also called eserine. Further- 
more, the effect of atropine is critical. On the reaction to histamine 
atropine has no effect, but if administered after acetylcholine, atropine 
blocks its physiologic action at once. The absence of benefit from 
atropine in patients with asthma argues for the histamine theory. 
Finally, one can say that histamine is released from the cell as the result 
of mechanical injury, whereas acetylcholine is released only as a result 
of nerve stimulation. This is the reason why acetylcholine is more easily 
obtained from organs rich in nerve tissue. One theory is that both 
effectors play their parts—nerve stimulation releases acetylcholine, which 
in turn stimulates the local cells to release histamine. Alexander *’ dis- 
cusses this in an interesting paper. 

Clinical studies on histamine are limited for the most part to deter- 
minations of the amount in the circulating blood. The method of 
determination is difficult because the tiny quantities can be estimated 
only by physiologic experiments on an isolated segment of guinea pig 
intestine. The response of the muscle to the unknown solution is com- 
pared with the response to a standardized solution with a known histamine 
content, and the quantities of the unknown are adjusted until the two 
become equal. 

In animals in anaphylactic shock, several studies of the histamine 
levels in the blood have been made. In guinea pigs and dogs, Code 78 
showed that there was a marked increase in the histamine content of the 
blood during shock but that it was transient, lasting only for a few 
(ten to twenty) minutes. The fall in blood pressure is coincident with 
the rise in histamine. In the horse, however, Code and Hester *® found 
that the histamine content of the blood fell to zero, and, similarly, in 
the calf histamine virtually disappeared from the blood during anaphy- 
lactic shock. Incidentally, the sheep and the goat suffered no shock at 
all; the content of histamine in their blood was unchanged after the 
second dose of foreign protein, whether egg white or horse serum was 
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used. In rabbits, Rose and Weil *° found a marked decrease, but the 
correlation between the degree of shock and the amount of decrease in 
histamine in the blood was not close. 

Katz ** studied the release of histamine from the blood cells in ana- 
phylaxis. In a test tube he added the antigen (egg white) to quantities 
of blood from rabbits sensitized to egg and incubated the mixtures for 
ten minutes. The histamine content was found to be increased from one 
to six times over the figure obtained from similar mixtures of egg white 
with blood from normal rabbits. The findings suggest that the histamine 
had been released from the white cells into the plasma. 

Dragstedt and his associates ** point out that histamine can be 
released from cells in other tissues besides the blood—the lungs, for 
example, though the amount is relatively small. In the meantime, Zon, 
Ceder and Crigler ** find histamine present in quantities in the blood 
platelets of the rabbit. More important is the paper by Martin and 
Valenta,** in which it is reported that the organs of the white rat con- 
tain histamine in quantities which are not very different from those 
found in comparable tissues of other animals. As the authors say, this 
finding suggests that the resistance of the white rat to anaphylactic 
shock is, therefore, not due to a low histamine content. 

In man, determinations of the blood histamine have been continued. 
In Montreal, Rose ** has perfected his technic so well that he is able 
to make many determinations in a single day. Rose has now studied 200 
patients, 80 with typical allergy. Normally the blood contains from 
0.25 to 0.75 microgram of histamine per cubic centimeter. Patients 
with urticaria and eczema and with true sensitiveness to cold have low 
blood histamine values. The values for patients with asthma tend to 
run higher, and in one boy ill with this condition the value of 1.8 micro- 
grams was obtained. As he improved this value fell. The changes, how- 
ever, were not striking. 

In the review of last year, I *** mentioned several reports of experi- 
ments on treating patients with allergy with injections of histamine, pre- 
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sumably in order to increase their tolerance to it. This year, Farmer ** 
has compiled an interesting review of the literature and describes 2 
cases in which the results of treatment were good. Histamine phosphate 
was used, and the quantities were minute. Treatment began with 0.1 
microgram, which may be expressed as 0.1 cc. of a 1 to 100,000 dilution, 
and the later doses amounted only to 200 micrograms, corresponding to 
0.2 ce. of a 1 to 1,000 dilution. 

Meantime, a derivative of acetylcholine, acetylbetamethylcholine 
chloride, also called mecholyl, has been used by Pearson * in the treat- 
ment of 7 patients sensitive to wheat, apparently with excellent results, 
for all were “desensitized.” It is interesting that slight overdosage 
reproduced the symptoms, whether asthma, hay fever or eczema, of 
which the patient first complained. 

“Histaminase” has attracted much attention. In 1930, Best and 
McHenry ** found that when fresh extracts of various animals’ tissues 
were added to solutions of histamine in the test tube, the physiologic 
effect of the histamine was greatly reduced. Since the neutralizing 
activity of the extract was destroyed by heating, they expressed the 
belief that the effect depended on an enzyme, and they named it hista- 
minase. Later, the same fresh tissue was treated with acetone and 
ether and then dried rapidly before a fan to produce a stable powder. 
It was found that 200 mg. of this powder could inactivate 2 mg. of 
histamine when incubated with it for twenty-four hours. More recently, 
similar preparations made commercially have been used on a wide scale 
and solutions of the material have been dispensed in ampules. Karady 
and Browne ** hold that if the contents of these ampules are injected into 
an animal just before a fatal dose of histamine, it will survive and, 
iurthermore, that other animals sensitized to protein can be protected 
against a subsequent shock by the previous injection of histaminase. 
That these results did not depend on some nonspecific effect was shown 
by the fact that when the histaminase was inactivated at 56 C. for one 
hour all its protective power was lost. 

The time element is always important. in the test tube destruction 
of histamine by the ferment requires between twenty-four and seventy- 
two hours, but in the living animal protection can be demonstrated within 
a few minutes after the injection of the histamine solution. Whether 
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this “protection” is really effective and whether it is specific are ques- 
tions still under discussion. 

In the rat, Rose, Karady and Browne *® have shown that when 
histamine is injected intravenously, it accumulates in the liver and 
especially in the kidney and from these organs it disappears gradually. 
This year they incubated mixtures of various rat tissues and histamine 
under toluene and then determined the ability of the tissue extracts to 
destroy the histamine. Histaminase was found present only in the lung 
and intestine of the rat; no destruction of histamine was produced by 
extracts of liver, kidney, spleen, stomach or blood. Evidently, then, 
the slow disappearance of injected histamine from the kidney of the 
rat depends on some mechanism other than the action of histaminase. 

In the clinic, many experimenters have aimed to test the beneficial 
effects of histaminase. In the treatment of patients with physical allergy, 
including the so-called “cold allergy,” Roth and Horton ** found that the 
drug is useful and effective. They sought to demonstrate its effect by 
an ingenious experiment. They determined the normal response of the 
gastric acids to an injection of histamine; then they found that if hista- 
minase is applied to the duodenum through a tube thirty minutes before 
the dose of histamine, the normal rise of acidity is abolished. In patients 
with “cold allergy,” placing the hands in cold water likewise causes an 
increase of gastric acids, which can be abolished by previous treatment 
with histaminase. Previously the authors ** had reported the case of a 
patient in whom the total gastric acids and the amount of free hydro- 
chloric acid were reduced markedly by treatment with a commercial 
preparation of histaminase. On the other hand, in an earlier paper, 
Atkinson and Ivy ** had failed to show that any inhibition of the gastric 
secretion occurred when histaminase made according to the method of 
Best was given in doses which in the test tube were more than enough 
to inactivate. 

Baker,** however, described 2 patients whose cold allergy was suc- 
cessfully treated with histaminase. Forman ** has given histaminase by 
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mouth to numbers of patients with urticaria, atopic dermatitis, asthma, 
and the like, and he reports good results in those patients who had a 
definite allergic background, but less good results in other, nonallergic 
patients. Miller and Piness ** treated 42 patients, including 29 with 
urticaria, but no relief occurred except in 7, and in no instance could 
this relief be attributed unequivocally to the use of the enzyme. 

Goldberg ** treated 35 patients having allergic diseases of the skin 
with histaminase, giving the drug by mouth in 25 instances and by 
injection in 10. Ail of the patients were improved and some quite 
relieved, particularly by the injection method. It should be noted, how- 
ever, that in many instances the first injection caused an increase in 
temperature, up to 102 F., and it is not unlikely that the good results 
may have depended on an effect which was quite nonspecific. Prickman 
and his associates ** gave histaminase in tablet form ten minutes before 
meals to 29 patients suffering from chronic vasomotor rhinitis. Of 
these patients, 41 per cent had complete relief and 13 per cent were 
improved, but 45 per cent were unaffected. Keeney *° found good results 
in certain persons with hay fever, but in each instance the clinical 
improvement occurred on a day when there was a distinct drop in the 
total pollen count, so that if improvement came it was hard to explain 
the reason for it. 

Meantime, histaminase has been reported to cause untoward reac- 
tions. Scheef *° had a patient with duodenal ulcer who was given com- 
mercially prepared histaminase parenterally, and in twenty minutes 
urticaria, asthma and conjunctivitis developed. Greenbaum * observed 
2 patients, both women in their thirties, who were likewise treated with 
histaminase by intramuscular injections. In 1 patient, when the second 
dose was given in the arm, twenty-eight days after the first, there was 
a tremendous swelling, which extended from the shoulder to the elbow 
and lasted for four days. The other patient was given three doses at 
four to five day intervals ; after the third, not only did an extensive local 
reaction develop but the patient suffered from abdominal cramps, nausea, 
vomiting and diarrhea. 
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The results of treatment with histaminase are in general disappoint- 
ing, as shown by several other papers. Corper and Cohn * showed that 
the previous injection of histaminase had no effect on the lethal shock 
to a subsequent dose of tuberculin given to sensitized animals. Inciden- 
tally, they found that neither by intravenous nor by intraperitoneal injec- 
tion was it possible to protect animals against the fatal dose of histamine, 
whether given intravenously or intraperitoneally. Simon ** calls atten- 
tion to some of the discrepancies in the histamine-histaminase theory. 
He points out that Abramson and his associates ** by means of an electric 
current could drive histamine through the unbroken skin to produce an 
allergic wheal and then by reversing the current could draw this hista- 
mine out again, but that when the wheal was produced by ragweed in a 
sensitive person, no histamine could be “recovered” when the current 
was reversed. 

Simon recalls that Kline, Cohen and Rudolph,** in 1932, showed that 
the wheals produced by histamine were different histologically from 
typical allergic wheals. In his own experiment, Simon ** mixed hista- 
mine and histaminase in a test tube and found that the reactions to 
cutaneous tests with the mixture were negative—the histamine had been 
destroyed. When, however, the histaminase was injected into the tissue, 
either before or after the dose of histamine, the reaction to the cutaneous 
test was positive, as usual. In the tissue there was no such neutraliza- 
tion as in the test tube. Moreover, his experiment in feeding hista- 
minase to his patients with hay fever gave negative results. 

Pertinent and important is a note to the Editor of The Journal of 
the American Medical Association from Drs. Best and McHenry,” in 
Toronto. In their laboratory, the administration of histamine to ani- 
mals for a period of several weeks did not produce the increase in hista- 
minase which would be expected if the treatment had caused an increased 
need for the enzyme. They also tried to protect guinea pigs against 
anaphylactic and histamine shock by the use of histaminase, but the 
results were negative throughout. Referring to the use of histaminase 
by mouth, they point out that the enzyme is inactivated by pepsin in acid 
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solution and by trypsin in slightly alkaline solution, so that it would be 
difficult to suppose that histaminase given orally could survive digestion. 
Finally, they say that over a period of ten years, their investigations 
have failed to show that the intravenous or the intramuscular injection 
of histaminase has any effect on the histamine in the body or on that 
given by injection, even though their preparations of the enzyme are 
at least four times as potent as any available commercially. The work 
on histaminase suggests a mechanism for the destruction of histamine in 
the body, but, after all, this is only one of several possible mechanisms. 
They believe that “there is no physiologic basis on which to rest the 
clinical use of histaminase.” 


SALTS AND WATER 


Aside from the one theory that the allergic state depends on faulty 
nutrition, particularly on the lack of vitamins, and the other theory that it 
depends on an excess of histamine or perhaps on an inability to eliminate 
histamine, there is the third theory that simple salts play a part. Perhaps 
the amount of total salt in the body varies from the normal and so leads 
to a disturbance either in the acid-base balance or in the water content 
or in both at once, or perhaps changes in the relative amounts of one 
particular base allow the physiologic action of that base to become 
important. And so comes the suggestion that potassium might be useful 
in treatment. 

In serum disease, as in acute infections, there is a slight but definite 
retention of salt and of water during the acute attack. In asthma, how- 
ever, the opposite is true: There is a loss of water and sodium during 
the paroxysm. Sheldon, Howes and Stuart °’ have found that the loss 
of sodium might be as much as 3 to 5 Gm. more than the intake of 
sodium during the asthmatic period. During recovery, however, the 
sodium in the urine was much less than the sodium ingested, and so 
equilibrium was again established. The water metabolism followed the 
sodium changes, as might be expected, in spite of the fact that the patho- 
logic basis of allergic manifestations includes a local increase in tissue 
fluid. 

Stoesser and Cook ** suggest a new treatment of asthma based on 
artificial changes in water balance. These authors had observed that 
a certain patient with intractable asthma was made worse by a high salt 
(sodium chloride) intake. They made a careful chemical study of 6 
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asthmatic children. First they found that fever therapy in a “hot box” 
had good results when the intake of sodium chloride was reduced 
and the body water depleted—but in other instances, when the intake of 
sodium chloride was normal, the fever did not have a beneficial effect. 
Further study of the electrolyte and water balance was made with the 
help of pitressin, a pituitary substance with an antidiuretic action which 
can cause the retention of total body water. The procedure in 1 of their 
_cases was as follows: A child with a chronic persistent type of asthma 
was given a diet low in potassium, sodium and chlorine (0.33, 0.12 and 
0.18 Gm., respectively) and total fluids of 1,400 cc. per twenty-four 
hours. For a week there was no change in the asthma, and then on 
the eighth day pitressin was given and the fluid intake was increased to 
2,600 cc. by giving more water. In twenty-four hours the asthma dis- 
appeared, and in thirty-six hours the patient had gained 1.5 Kg. Then 
the pitressin was stopped and 2,000 cc. of urine was excreted, but even 
so, the asthma did not return. More and more food was given, until 
after a few months the salt intake again became too high, and asthma 
reappeared. For other children, two or more courses of pitressin were 
necessary, and although extra water was not always given with the 
drug, the results were good. 

The authors’ comment indicates the opinion that the changes in the 
asthma depend on the changes in the water balance and not in the salt 
metabolism. Last winter, Kern *® gave a lucid discussion of water bal- 
ance before the Associated Allergy Clinics of Greater New York. Total 
body water is influenced by many factors. Acidosis causes loss in water ; 
so does hyperglycemia, as well as chilling of the body and a rising 
barometric pressure. Menstruation is sometimes associated with reten- 
tion of water, due to the activity of the antidiuretic principle of the pitui- 
tary gland. The symptoms of allergy depend on edema in the shock 
organ, and the effect is local. In terms of local change the edema is 
extensive, but in terms of the body as a whole it is limited. In the 
presence of a full water complement in the whole body, the allergic 
reaction can produce the symptoms a little easier, but not much, and, 
vice versa, if the water content is low, local allergic reactions may or 
may not be effective enough to cause trouble. To produce acidosis or to 
feed a salt-poor diet is to encourage dehydration and so to discourage 
the effect of allergy, but it is not surprising that the effort is not oftener 
more effective. 

There are several difficulties with the idea that water balance plays 
any real part in the underlying cause of asthma. First, as Kern remarks, 


59. Kern, R. A.: Role of Water Balance in Clinical Manifestations of Allergy, 
Am. J. M. Sc. 199:778, 1940. 





RACKEMANN—ALLERGY 221 


there is no evidence that attacks of asthma are preceded by any water 
retention. Second, I have observed a number of patients who came to 
the hospital with violent asthma, which had been in progress for some 
time, and who were obviously dehydrated. The skin and tongue were 
dry; the flesh was soft, and when a liter or two of physiologic solution of 
sodium chloride, usually with 5 per cent dextrose, was injected intra- 
venously relief was definite and prompt. Also I have observed that 
when a cor pulmonale with passive congestion developed in some of 
these patients the asthma ceased as soon as edema appeared. My find- 
ings, therefore, are comparable with those of Stoesser and Cook. How- 
ever, I agree with Kern that in asthma the changes in water balance 
described by Sheldon and his co-workers are more likely an effect of the 
process than a cause of it. They are not concerned with the funda- 
mental cause of the disease. 

Potassium has properties which justify its consideration as a factor 
in allergy. Potassium is more a constituent of cells; sodium, of extra- 
cellular fluids. Last year, Rusk and his associates °° suggested that in 
allergy the potassium moves out of the cells (the serum potassium 
increases) and that treatment with insulin, with dextrose or with potas- 
sium chloride tends to restore the status quo ante. Talbott and Schwab 
have written an excellent review of the knowledge of potassium. This 
base has three principal roles. It is concerned with the acid-base bal- 
ance between cells or blood; it is antagonistic to insulin and acts like 
epinephrine, and finally it is antagonistic to cholinesterase and, as the 
principal base in muscle cells, is concerned with the transmission of the 
nerve impulse. In allergy, any good effect of potassium might depend 
on its epinephrine-like action, for Camp and Higgins °** have shown that 
constriction of the bronchioles induced by histamine could be relieved 
as promptly by potassium salts as by epinephrine hydrochloride. Talbott 
and Schwab are inclined to the idea that by inhibiting the enzyme cholin- 
esterase potassium allows the acetylcholine released by nerve impulses 
to exert its normal effect and so to improve vasomotor tone. Inciden- 
tally, Brewer, Larson and Schroeder ** found that the injection of 
epinephrine hydrochloride produces a rapid though transient (one and a 
half minutes) rise in the content of potassium in the blood—a finding 
complementary to that of Camp and Higgins. 
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Clinical reports on the results of treatment with potassium in allergic 
disease are numerous. They have all been prompted by Bloom’s “ 
original announcement that doses so small as 5 grains (0.32 Gm.) of 
potassium chloride given three times a day were beneficial in treat- 
ing hay fever. Not one of these reports is favorable. Rusk, Dean and 
Rindskopf * treated 30 patients with hay fever, and only 3 were relieved. 
However, several patients with other types of nasal allergy were 
benefited. The content of potassium in the blood was normal in all. 
Harsh and Donovan ® treated 40 patients with hay fever and obtained 
good results in only 1 of the 40. In those instances in which the content 
of sodium and potassium in the serum was determined before and after 
treatment, there were no significant differences. Harley * gave potas- 
sium to 43 patients with various allergic complaints but obtained no 
favorable results. Rubin and others“ in Feinberg’s clinic treated 153 
patients but found potassium of no value. Their article includes an 
excellent review of the literature. Miller and Piness ® gave potassium 
in various doses to 40 patients with hay fever during the season of their 
symptoms. Two patients obtained some relief from the potassium mix- 
ture but even more relief from the soda solution used as a control! 
Spain, Westcott and Gaillard * tried hard to find some good effect of 
potassium chloride in hay fever, but with no success. 

From this review, it is all too evident that the fundamental cause or 
background of allergy is still unknown. None of the theories advanced 
so far can be substantiated. And yet, the clinical picture of recurrent 
susceptibility, of the tendency for sensitiveness to develop, which char- 
acterizes patients must have a cause. Most, if not all, of the studies on 
patients deal with the results: the effects of the primary process. Per- 
haps, however, the day will come when these clinical observations will 
suggest another theory that will stand up under test, and so these obser- 
vations must be pursued. 
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HAY FEVER 


Several new pollen surveys are reported: one from Manitoba by 
Walton and Dudley ;** one from Hawaii by Roddis;** one from Brazil 
by Tupynamba and Oliveira Lima ** and one from Tokyo and Kobe by 
Hara.* The studies of Phillips’! on the sugar beet, referred to pre- 
viously, and the report of Swineford *° on Catalpa pollen showed again 
how wide the possibilities of pollen implication may be. 

Molds demand increased attention. In two papers, Pratt ** has 
recently described his careful studies of the mold spore content in the 
air in Boston and New England and has pointed to marked improve- 
ment in his patients after mold extracts were included in their treatment. 
From Cuba comes a good paper by Cadrecha Alvarez and Quintero 
Fossas ** describing the relation of the mold spore content in the air to 
changes in the barometer, in the wind velocity and in the temperature. 
The photographs in this article are handsome. 

At the meeting of the Association for the Study of Allergy, held in 
New York in June 1940, Pennington ** added the reports of cases of 
several patients to the list of proved cases in which hay fever depended 
on molds. Her patients reacted when the molds were applied by spray 
or by dried powder as a direct test on the nasal and bronchial mucosa— 
an important demonstration. 

Waldbott and Ascher * point to the importance of rust and smut, 


the common parasites of grain which produce spores in enormous quan- 
tity, to cause trouble in almost 20 per cent of their patients. The his- 
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tories of these patients corresponded well with the incidence of rust and 
smut spores in the air; their cutaneous reactions were often strong] 
positive, and when treatment with fungus extracts was combined with 
treatment with pollen extracts the results were good. Wittich *° also 
has recoginzed the importance of grain smut and has found that in the 
grain belt section of the country the spores are more numerous than 
the pollens. His experiment, which could show a close immunologic 
relationship between the dusts of wheat mills and wheat smut, is inter- 
esting, for it suggests that wheat dust is often contaminated with the 
fungus. 

Aside from the pollens and molds, there are other seasonal causes 
of trouble in patients with hay fever. Parlato *' was the first to call 
attention to the dust given off by caddis flies, which sometimes occur in 
enormous numbers along the southern shore of the Great Lakes. Now, 
Figley ** comments on the importance of May flies, which he finds in 
the country south of Lake Ontario. However, one must note that these 
flies must occur in tremendous numbers to cause trouble and so be 
fairly obvious. Prince ** has a good paper on nonpollen factors simu- 
lating seasonal allergy. He comments on the fact that many patients 
with hay fever are skin sensitive to house dust and to animal danders, 
as well as to such other things as orris and pyrethrum, in addition to 
the pollens. His paper reminds me of several patients whose hay fever 
was found to have a definite seasonal relationship. It occurred only in 
summer when these persons went away to the seashore and came in 
contact with some particular dust in their summer cottage. When these 
patients brought their city mattress and bedding to the cottage with 
them, the symptoms disappeared. Problems like this may be hard to 
solve, as is shown well by the study of Weil.** He reports the cases of 
47 patients whose hay fever, in Montgomery, Ala., each year began 
around May and lasted until October. Reactions to cutaneous, intra- 
dermal and ophthalmic tests with grasses and weeds were negative in all 
of the patients; tests with constituents of fertilizer and insecticide were 
made and the reactions were negative, and, finally, tests with dusts of 
various insects—flies, moths and butterflies—showed only occasional 
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positive reactions. Two of the reactions to intradermal tests with molds 
were positive. In his conclusion, the author states that the cause of 
this type of seasonal hay fever is unknown but that further study of the 
pecan scab and of the citrus white fly seems to offer the possibility of a 
solution to the problem. 

Studies on the mechanism of hay fever and its treatment begin with 
the pollen extract. When pollen is extracted with a saline solution in 
the “regular way,” examination of the pollen grain after the process 
shows little change in its size or contour, and the fact suggests that the 
active principle is either something which washes off the surface or 
something which dialyzes through the pollen cell membrane. Reports 
have now been made on the effect of grinding the pollen in a ball mill. 
Eagle and others,** of Johns Hopkins Hospital, ground ragweed pollen 
to a homogenous, creamy suspension but could observe no change in 
the immunologic character of the material, and at the end of the process 
the total nitrogen in the resulting extract gave a figure of 0.09 mg. 
per cubic centimeter, which compares with 0.08 mg. for the regular 
extract. 

Langner and Kern,*® on the other hand, found that the yield of 
both total and protein nitrogen from ragweed pollen was consistently 
greater after defatting and grinding. They likewise found no evidence 
of any qualitative difference among five extracts of ragweed pollen, 
each prepared in a different way. 

Stull and his associates ** made an experimental study of pollen 
extracts modified by formalization, heating, radiation with ultraviolet 
light, acetylation and, finally, alum precipitation but found no essential 
difference between them. The serologic effects of treatment seem to be 
demonstrated best when the simple fresh extract is used as the antigen. 

There appear to be two antibodies concerned with the mechanism of 
hay fever. When the serum of a ragweed-sensitive patient is injected 
into the skin of a normal recipient, the reaction which takes places when 
the passively sensitized site on the skin is tested with ragweed pollen 
demonstrates the presence of a skin-sensitizing antibody in the patient. 
This antibody is thermostabile. The serum which contains it can be 
inactivated by heating to 56 C. and can be preserved for long periods in 
the ice box without losing its transferring ability. The amount of anti- 
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body appears to be relatively constant in the same patient. It changes 
little as a result of specific treatment, regardless of whether the results 
of this treatment are good or bad. 

In 1935, Cooke, Barnard, Hebald and Stull ** demonstrated a second 
antibody. «They found that if the original sensitizing serum was mixed 
with ragweed in a test tube and then incubated at 37 C. for several 
hours, the skin-sensitizing antibody was neutralized by the added rag- 
weed. Injections of the mixture into normal skin no longer prepared the 
site for reactions to further tests with ragweed. After treatment, how- 
ever, this neutralization did not take place, and the skin-sensitizing anti- 
body exerted its former effect; it was no longer neutralized by the 
ragweed added to it in the test tube, and the theory was that a new 
substance had blocked the combination between the ragweed and the 
skin-sensitizing factor. The study has been continued. : This year, Sher- 
man, Stull and Cooke ** report the changes which are observed in 
patients treated over a period of years. The reactions to cutaneous 
tests are unchanged ; the skin-sensitizing antibody increases at first and 
then seems to fall away, until after ten years 7 of 29 serums no longer 
sensitize passively. Likewise, the so-called blocking antibody increases 
at first, and then, as successful treatment continues, it seems to decrease. 
The changes, however, are not absolute and are not always parallel 
with the clinical results. Loveless °° points out that whereas the skin- 
sensitizing antibody, or the so-called reagin, is somewhat thermolabile 
(being destroyed by heating to a temperature of 56 C. for two hours), 
the blocking antibody is stable (resisting heating to 56 C. for five hours), 
and so she is able to distinguish between the functions of the two. The 
blocking or inhibiting antibody develops after treatment, not only in 
patients with hay fever but in normal persons as well, and she implies 
that its presence is concerned with the good results obtained. These 
studies of antibodies give irregular results, no doubt, because the antigens 
used are not pure substances. At the last meeting of the Society for the 
Study of Asthma, Stull reported the presence of two different antigenic 
substances in ragweed, saying that some patients were more sensitive 
to one of these than to the other and that the blocking antibody was 
often directed more to one antigen than to the other. When all of the 
several active substances in ragweed can be isolated and identified, then 
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studies on antibodies to reveal the mechanism of hay fever and the 
mechanism of treatment will be satisfactory. It is not surprising that 
the results presented so far are hard to interpret. 

Treatment of hay fever by feeding pollen by mouth would be 
extremely useful if it worked well. Schwartz reports the cases of 65 
patients, of whom 40 per cent had obtained complete relief and another 
47 per cent had satisfactory results from oral pollen therapy. Alper- 
stein ®* sought for the presence of ragweed pollen in urine and blood 
by testing the skin of sensitive patients with these fluids and found that 
when the pollen was given orally, an appreciable amount was absorbed 
through the gastrointestinal tract. The results of oral treatment in his 
hands were good. 

This year, S. Feinberg invited workers in other clinics to cooperate 
in a comprehensive study of the results of treating hay fever by giving 
pollen by mouth.** The technic of treatment varied to some extent, but 
the results varied much more. In the series of cases reported from the 
University of Illinois College of Medicine good results were obtained 
in 26.8 per cent of 71 cases; in the series from Rush Medical College, in 
25 per cent of 32 cases, and in the series from Northwestern Medical 
School and the University of Michigan Medical School, in 14.8 per 
cent of 27 cases. There were good results in a total of 29.8 per cent of 
the 141 cases in which treatment was given. And now comes an 
extraordinary finding illustrating once again the value of control. When 
in a small group of 32 cases treatment was administered in an entirely 
similar way but with capsules containing nothing but starch, good results 
were obtained with this placebo in 21.9 per cent. The authors drew two 
conclusions: First, opinion on the value of oral pollen therapy varies 
from complete rejection to limited acceptance; second, the effect is 
definitely inferior to that of parenteral injection of pollen extract. The 
article contains a number of interesting statistics, as well as important 
clinical observations. 


SENSITIVITY TO MISCELLANEOUS ODD SUBSTANCES 


This subject is often of considerable practical importance. Diodrast 
is sometimes injected intravenously to provide a contrast medium in 
roentgen studies of the renal pelvis. Last year, Crane ** reported 5 
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cases in which death occurred after the injection, and now Dolan ® adds 
a sixth case. A woman of 65, subject to asthma for twenty years, was 
given 3 cc. of diodrast intravenously and almost at once became cyanotic 
and apneic. She died in two minutes. The important point of the 
paper is the decription of a simple test for sensitivity. The author 
suggests if 1 or 2 cc. of the solution can be held in the mouth for a 
minute or two, sensitivity will be revealed promptly by marked swelling 
of the mucous membrane. 

Hypersensitiveness to pituitary extract is reported by McMann.’ 
Insulin sometimes causes trouble, and now comes a report by Wasser- 
man and his associates ** to show that rabbits can be immunized to 
commercial insulin so that their blood serum will react with insulin to 
give a complement fixation. Incidentally, the specificity observed did 
not depend on the animal protein from which the: preparation was 
derived. The report shows that insulin is a protein to which hyper- 
sensitiveness can develop. That it does not cause more trouble is 
probably explained by its use in small doses one or several times each 
day, which should desensitize the patient. Severe reactions to insect 
bites are described in an excellent paper by Benson.®* He found that 
extracts of bee’s body caused a reaction which was quite as strong as 
that of the stinging mechanism itself. The antigen is dialyzable; it is 
thermostabile, and it is species specific and perhaps order specific. 
Treatment with the extract is often effective. Chernay and his asso- 
ciates *® declare that certain patients unusually sensitive to flea bites can 
be successfully desensitized with the corresponding extract. 

House dust is of considerable practical importance, and much litera- 
ture has developed about it. Hampton and Stull *° made careful com- 
parative studies of dusts from four different sources. Guinea pigs were 
sensitized to each of the four house dust extracts and then were tested 
in various ways. Three out of 10 guinea pigs reacted to dog hair extract, 
and 6 out of 8 reacted to feathers. So far, however, no substance has 
been found which would react invariably in animals sensitized with 
house dust. Each of three dusts neutralized to other dusts, and so the 
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authors conclude that house dust contains some substance the nature 
of which is quite unknown but which, nevertheless, appears to be specific 
and characteristic of house dust. Coulson and Stevens! studied 
the relationship between dusts of various sorts and cotton linters and 
found that there was often a common antigenic relation. 

Cottonseed sensitiveness is not common, but when it occurs, the 
reactions to the ordinary watery cottonseed extract are violent and 
passive transfer to the skin of normal recipients often results in the 
demonstration of huge passive transfer reactions. Bernton, Spies and 
Stevens '°? observed 5 typical patients sensitive to cottonseed and found 
that in spite of a positive reaction to the cutaneous test, cottonseed oil 
applied to the nose and mouth caused no particular trouble and that the 
patients could eat cottonseed in the form of commercial shortenings 
(cottonseed oil or hydrogenated cottonseed oil) without difficulty. In 
considering this paper, however, several discussers did not agree that 
the cottonseed oil was always harmless, saying that in several of their 
patients such symptoms as abdominal discomfort, canker sores and 
edema of the mouth developed when shortening made of cottonseed oil 
was used. 

The antigenic relationship among the members of certain food groups 
has been investigated: Withers*®* made studies of vegetables and 
cereals and Tuft and Blumstein** of shellfish. Piness and his asso- 
ciates °° present a statistical study of tests with related and unrelated 
foods. 

“ECZEMA” AND CONTACT DERMATITIS 


Landsteiner *°* has continued his studies on sensitization with simple 
chemical compounds and now, with an associate, describes the technic 
by which sensitiveness of the skin can be produced by the intraperitoneal 
injection of picryl chloride, the trick being to mix the chemical with 
killed tubercle bacilli suspended in paraffin oil and to inject the two 
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materials together. The considerable local reaction in the peritoneum 
enhances the absorption of the chemical substance. 

Karaya gum is one of those insidious, little suspected substances which 
may cause much trouble, especially dermatitis, when sensitiveness to it 
develops. It occurs in cosmetics (especially hair-setting fluid), in certain 
foods, in pastes, in patent medicines and in certain industrial materials. 
Cases of hypersensitivity to it are reported by Feinberg and Schoenker- 
man ** and by Figley,*°* who reviewed the literature. A host of other sub- 
stances may cause similar trouble but only in those patients in whom there 
is a tendency for sensitiveness to these substances to develop. The 
“allergic constitution” is always important in evaluating any legal claims 
for injury, as was discussed in my review in the ARcHIVEs last year. 

Each year comes a new list of substances which have been identified 
as existing causes. The following selections are typical. Cheilitis from 
the tetrabromfluorescein in lipstick is reported by Hecht and others ;'” 
dermatitis from soap, by Jordon, Dolce and Osborne,*'® and dermatitis 
from opium derivatives, in 3 nurses and a druggist, by Jordon and 
Osborne." Schwartz and his associates '* present an interesting and 
comprehensive paper describing an outbreak of dermatitis from the new 
resin fabric finishes which are found in the new wearing apparel devised 
in the frantic search for substitutes in this modern world. Still other 
and newer sources of danger may be expected at any time. Those inter- 
ested in this subject will find much helpful information in a new text- 


book on occupational diseases of the skin by Schwartz and Tulipan.’”* 
Norwood and Evans *** review 20 cases of eczematoid lesions of the 
hands which were found to depend on a fungus infection of the skin. 
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made worse by the macerating effect of the leather gloves which had to 
be worn in the industry. And so it goes. Sherlock Holmes can have no 
rest when he studies allergy. 

ASTHMA 


Since allergy as a problem in immunology has been recognized as 
a study quite distinct from asthma as a problem in physiology, one’s 
point of view has been broadened. “All is not allergy that wheezes,” 
and the statement is confirmed by a number of new clinical observations. 
Overholt and Rumel *** analyzed 68 cases of primary carcinoma of the 
lung. Cough, fever, pain, hemoptysis and loss of weight were the car- 
dinal symptoms, but dyspnea occurred in 31 per cent and asthma in 
7.3 per cent of cases. Prickman and Moersch '"* lay stress on the inci- 
dence and importance of bronchostenosis, which they found in 60 of 140 
patients with asthma who were examined with the bronchoscope. The 
stenosis should result in collapse of a portion of the lung, displacing 
the heart and elevating the diaphragm toward the lesion. It could be 
mistaken for pneumonia. However, in 43 per cent of their patients the 
roentgenogram showed nothing abnormal. When stenosis was found, 
the bronchus was dilated with special forceps introduced through the 
bronchoscope, and great relief of the asthma was obtained. In most 
cases the trouble was caused by infection of the wall, but in certain cases 
they found it was due to cancer or to tuberculosis or even to the ulcera- 
tion of calcareous material from a lymph node through the bronchial 
wall, Goodyear *** had a case of asthma in a child in which he found 
that the symptom was due not to allergy but to an open safety pin in 
the throat. 

That a spasm of the pulmonary blood vessels may cause asthma is 
suggested by Kuhlmann."!* Ina roentgen study of the chest of a patient 
undergoing a severe attack of asthma, he observed that the upper part 
of the left lung was quite free of vascular markings, and after exclusion 
of pneumothorax, he concluded that complete collapse of the local blood 
vessels was responsible for the lack of normal shadows. The thought 
fits in with the suggestion made by an associate and me *’® and with 
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that of Harkavy **° that vascular lesions may play a part in some types 
of asthma. 

Asthmatic bronchitis has been described by me*** as indicating 
wheezy colds occurring only two or three times a year without evidence 
of new contacts with new environmental dusts and with entirely free 
periods between the attacks, but the term is used now by Bivings !% 
to describe a much more chronic respiratory disturbance in children. 
The patients have a cough, anemia, a slight fever and generalized pains. 
Reactions to tuberculin tests are negative, but roentgen examination of 
the lungs may show localized infiltration, especially in the lower lobes. 
Treatment is largely symptomatic but includes vaccines. Watson the 
Doctor may be even more important than Holmes the Detective! 

The immediate treatment of an attack of asthma is better understood 
each year. In the clinic at the Massachusetts General Hospital, my 
associates and I have adopted the slogan “treat them gently.” By this 
is meant that a patient should be protected in every way, not only from 
the dust in his environment and from sudden changes in temperature, 
but, more important, from those drugs which might make his asthma 
worse instead of better. 

Drug allergy is always important. It occurs when least expected, 
and it may lead to serious trouble. A middle-aged woman came into 
the hospital for bronchoscopic examination and before the operation 
was given 0.25 grain (0.015 Gm.) of morphine sulfate and 1.5 grains 
(0.095 Gm.) of phenobarbital. She stood the operation well and 
appeared comfortable throughout the trying procedure, but on return to 
the ward, her condition rapidly became worse, violent asthma developed 
and she became cyanotic and almost died. It was with difficulty, and 
only with the aid of oxygen and the intravenous injection of saline 
solution, that she recovered. Her convalescence lasted five weeks. 
About a year later, the same woman came again for another broncho- 
scopic examination. This time she was taken to the operating room 
without previous medication of any kind. The passage of the broncho- 
scope was not pleasant, but she stood the procedure well, and this 
time she returned to the ward in good condition; the next day her 
asthma was much better, instead of much worse. Her stay in the hos- 
pital lasted five days, instead of five weeks. 

We “treat them gently” chiefly by withholding all drugs except 
those with simple chemical formulas, including chloral hydrate, paralde- 
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hyde and such simple salts as bromides, iodides and saline laxatives. 
If the asthma is severe, food is withheld for twenty-four to forty-eight 
hours, but fluids are forced as “liquids without milk.” If these fluids 
are not taken well by mouth, they are given intravenously as a physio- 
logic solution of sodium chloride usually containing 5 per cent dextrose, 
and to the flask may be added 1 cc. of a 1 to 1,000 dilution of epinephrine 
hydrochloride, with thorough stirring, so as to produce a dilution of 1 
part of epinephrine hydrochloride in 1,000,000 parts of solution. Under 
this treatment, most patients recover with fair rapidity. We are con- 
vinced that gentle treatment is worth while. 

Powdered epinephrine base suspended in oil is useful, as attested in 
a new paper by Keeney,'** but there are several reports of disagreeable 
reactions following its use. Dorwart'** reports the case of a woman 
aged 22 who was given 0.3 cc. of a 1 to 1,000 aqueous solution of 
epinephrine hydrochloride and at the same time 1 cc. of a suspension 
of powdered epinephrine base in oil. Soon came shaking, pallor, twitch- 
ing and cyanosis, with a pulse rate of 160, to make a desperate picture, 
which lasted for about five hours. 

Maietta **° describes 2 cases. One was that of a man of 37 who 
had had asthma for eighteen years. After an intramuscular injection 
of a suspension of powdered epinephrine base in oil, he, too, had a 
reaction, with chills, cold hands and feet, sweating, headache, pallor 
and palpitation—characteristics of shock. The other case was that of 
a woman of 38 who was given 0.4 cc. of an aqueous solution 
of epinephrine hydrochloride in one arm and 1 cc. of a suspension of 
powdered epinephrine base in oil in the other arm. Within an hour 
there was blanching at the site of the injection of oil, with redness, 
which extended from her shoulder to her wrist, marked edema, indura- 
tion and pain; this local reaction lasted for six days. Keeney himself **° 
reviews the reactions which may occur. 

For some years, Barach *** has advocated the use of helium in a 
mixture containing 80 per cent of this low gravity gas and 20 per cent 
of oxygen. In my experience, however, 100 per cent oxygen is better, 
and the technic which Boothby and his associates *** describe is satis- 
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factory. The use of epinephrine hydrochloride in a strong 1 to 100 
dilution to be inhaled as a spray was first advocated by Graeser and 
Rowe *** in 1935, and a modification of it consists in adding a 0.5 
per cent solution of chlorobutanol, which makes a more powerful and 
more penetrating medicated spray, according to Richards, Barach and 
Cromwell.**° These authors have suggested the device by which a 
hand atomizer is attached to a tank of straight oxygen, so that the 
spray becomes not only strong but continuous and may be used for as 
long as ten minutes at a time. The results are said to be good. 

Sulfanilamide has been advocated, as might be expected, and no 
doubt other reports will appear in the near future. Weil and Climo ™ 
obtained relief in 6 out of 7 cases of status asthmaticus by the use of 
sulfanilamide. Bruhl*** uses insulin and speaks of an “insulin thrust,” 
which results in leukocytosis, an increase in blood pressure and a 
decrease in temperature, the opposite of the so-called Widal’s hemo- 
clastic crisis, which was supposed to be typical of allergic reactions. 
I have had no experience with insulin. 

Theophylline with ethylene diamine, also called “aminophylline,” 
was first used in the treatment of asthma by van Leeuwen in 1932, but 
little attention was paid to it until 1935, when Tuft *** read a paper 
on the use of drugs in allergy and recommended further trial of it. 
Since then, theophylline with ethylene diamine has been used in many 
clinics and found to be useful, especially for those patients with severe 
asthma who do not respond well to epinephrine. A new paper on 
the subject is that by Efron and Everett.*** 

During the year, every one has learned a little and the manage- 
ment of patients with hay fever, with dermatitis and with asthma has 
improved in many of its details. The fundamental nature of allergy 
remains obscure. The field is large, and it is spread wide for some 
brilliant investigator to show how it can be cultivated to produce a rich 
harvest which is badly needed and the seed from which, once started, 
will grow exceedingly. 

263 Beacon Street. 
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Reflektorische und algetische Krankheitszeichen der inneren Organe. By 
Prof. Dr. K. Hansen and Dr. H. von Staa, Liibeck. Price, 28 marks. Pp. 
270. Leipzig: Georg Thieme, 1938. 

Hansen and von Staa believe that diseases invading internal organs frequently 
set in motion certain nervously excited reflexes, detection of which would aid in 
the recognition of the maladies initiating such reflexes. The signs are usually 
unilateral and are homolateral to the organs affected. 

“Sympathetic anisocoria,” the sympathetic difference in pupillary equality, is 
the point of origin for the investigation as reported by the authors in this volume. 
This pupillary enlargement, pointing a diagnostic finger to an ipsilateral organ 
disease, if it is accompanied by other unilateral reflex phenomena, may in their 
opinion offer valuable aid in indicating the affected organ. 

A chapter is devoted to a historical introduction to the problem of reflex and 
algetic signs of disease. The importance of the observations of MacKenzie and 
Head is discussed. The work of Head is reviewed at some length. Head, it is 
noted, pointed out that diseases of certain organs set up sensory hyperirritability 
in definitely localizable regions of skin. He demonstrated that hyperalgetic 
cutaneous zones (Head zones) possess a definite order for individual visceral dis- 
eases. Definite zones are assigned to definite organs, and this phenomenon, which 
was originally discovered empirically, is founded in the metameric construction of 
the organism, the consequent law of segmental innervation. The authors believe 
that hyperalgetic cutaneous zones as well as vegetative, motor and sensory innerva- 
tion of a visceral organ are coordinated by the same spinal segment. The con- 
tribution of Knotz was the demonstration that the reflex signs of disease of the 
internal organs are unilateral, occurring on the same side as the organ involved; 
furthermore, he pointed out the diagnostic importance in the recognition that these 
various phenomena correspond segmentally to the organ responsible for their 
origin. 

In chapter 3 are outlined in detail the various asymmetric phenomena which 
may arise as reflexes from diseased organs. The authors consider first “sympathetic 
anisocoria.” The diameter of the pupil homolateral to the diseased organ is 
increased. The authors believes that this increase is one of the most common of 
the reflexes, but they point out that this may be important only if it is associated 
with other reflex phenomena. In the presence of an enlarged pupil there is usually 
a slight protrusion of the ocular bulb, resulting in a widened palpebral fissure. 
The eye is brighter because of increased lacrimation. Frequently, inspection of 
the patient will reveal a faint spasm of the facial muscles on the side corresponding 
to the pupillary enlargement. Observation of the patient’s posture in the recum- 
bent position often discloses the fact that certain muscle groups exert a unilateral 
protective contraction, causing the patient to keep his body in a bent position. 
Asymmetric motion of the thorax with respiration often can be detected in persons 
with pulmonary and pleural diseases, and not infrequently this can be demonstrated 
in association with abdominal illnesses. Unilateral facial herpes and herpes zoster, 
although less common, may be part of the reflex manifestation indicating disease 
of the internal organs. Various forms and degrees of localized muscle resistance 
are frequent accompaniments of such diseases. This resistance may be superficial, 
or it may involve the deep muscle layers of the thorax or abdominal wall. Usually, 
this resistance is unilateral and in nervous origin corresponds segmentally to the 
diseased organ. Vasomotor changes, such as local cyanosis or increased dermato- 
graphism, can be noted at times. These are said to correspond in nervous origin 
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segmentally and homolaterally to the organ affected. According to the authors, 
localized unilateral piloerector and anisohydrotic phenomena can at times result 
from sympathetic nervous excitation originating in a diseased organ. 

Referred pain and tenderness are considered to be among the most frequent 
and important of the signs and symptoms of diseases invading the internal organs, 
By “referred” pain Hansen 2nd von Staa mean not pain felt in the region of th: 
disease process itself but that which is caused reflexly in secondary regions, these 
corresponding to the dermosensitive segmental regions corresponding to the organ 
involved. Hansen and von Staa divided these conditions into (1) superficial pain 
or cutaneous hyperalgesia, the so-called Head zones, and (2) deep pain or hyper- 
algesia of the deeper muscles, connective tissues and periosteum, the so-called 
MacKenzie zones. In addition to the unilateral manifestation already mentioned 
the authors also describe so-called organ reflexes or viscerovisceral signs which 
affect neighboring or distantly situated organs. They refer to complications, such 
as vomiting, flatulancy, headaches and intestinal, cardiac and genitourinary irregu- 
larities of various types, which not infrequently arise as reflexes of diseases invad- 
ing the internal organs. 

One hundred and twenty-seven pages of the book are devoted to a careful 
investigation of a number of patients with various diseases, to ascertain how 
frequently these reflex signs may be detectable and how useful their recognition 
may be in the diagnosis of such diseases. The number of patients with each type 
of disease, as well as the respective parts diseased, are given as follows: 90, lungs 
and pleura; 28, heart; 56, liver, gallbladder and biliary ducts; 7, pancreas; 47, 
stomach ; 40, duodenum; 6, spleen; 9, descending portion of the colon and sigmoid 
flexure; 4, appendix; 2, ovary; 30, kidney; 9, head, and 10, extremities. On 
reviewing the results of the investigation, Hansen and von Staa tabulated thei: 
findings as follows: total number of cases, 338; incidence of unilateral pupillary 
enlargement, 86.9 per cent; incidence of increased palpebral fissure and increased 
brightness of one eye, 55.3 per cent; of spasm of facial muscles, 66.3 per cent; of 
herpes, 6.6 per cent; of vasomotor phenomena, 31.5 per cent; of piloerection, 12.3 
per cent; of anisohydrosis, 3.8 per cent; of muscle spasm, 71.7 per cent; of dee; 
hyperalgesia, 28.6 per cent, and of superficial hyperalgesia (Head zone), 23.2 per 
cent. 

A review of their clinical experience leads Hansen and von Staa to draw th 
following five conclusions : 

1. The reflex and algetic signs are practically always limited to one side, right 
or left; in the case of paired organs the syndrome is homolateral to the diseased 
organ; in the case of organs which are not paired, the syndrome is still unilateral, 
in a general way corresponding to the somatic position of the unpaired organ. 

The position of the organ and its reflexly attributed signs are indicated as 
follows : 


Organs Producing Organs Producing 
Reflex Signs on the Right Reflex Signs on the Left 


Right lung Left lung 
Right pleura Left pleura 
Pyloric portion of the stomach Heart 
(bulb, duodenum) Aorta 

Ileum Cardiac portion of the stomach 
Ascending colon . (corpus, fundus) 
Liver Jejunum 
Gallbladder Descending colon 
Right kidney Spleen 
Right ureter Pancreas 
Right testicle Left kidney 
Right ovary Left ureter 

Left testicle 

Left ovary 
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2. After a study of these signs has localized the disease to the right or the left 
side, the segmentally demarcated reflexes and algetic manifestations will point to 
the involvement of an internal organ occupying the corresponding segmental posi- 
tion, and this fact usually will enable the examiner to make rather accurate iden- 
tification of the organ responsible for the reflexes. 

3. An increase in the extent of the projection of these unilateral or segmental 
signs of disease is always an indication of the spread of the disease or of secondary 
complications in other organs. 

4. The reflex symptoms referable to regions of pain in the head follow the 
unilateral rule but not the metameric principle (that is, the segmental distribution). 

5. The special diagnostic value of the symptoms lies in the fact that they can 
be present in the absence of spontaneous pain. Diseases which may have caused 
pain but no longer produce. it may still cause other of these reflex signs. Painful 
visceral diseases are always associated with reflex symptoms. Conversely, if pain 
is present and reflexes are absent, then the pain is caused not by visceral disease 
but by malingering, by hysteria or by some organic disease of the nervous system. 

Two chapters of the book are devoted to a discussion of the anatomic and 
physiologic aspects of the reflex and algetic signs of disease. The authors go into 
great detail in analyzing mechanisms for the production of these signs and venture 
some definite impressions regarding the pathways utilized in their transmission. 

The various phenomena described in this book are largely dependent on the 
sympathetic nervous system for origin or transmission. The authors seem to 
minimize the importance of the spinal sensory system of nerves as aids to the 
sympathetic nervous system in warning of organic disease. In all probability, the 
first line of defense for a diseased visceral organ is demonstrable in the sympathetic 
system of signal devices. When a spread of the disease occurs, however, such as 
would occur in the presence of a peptic ulcer which was proceeding to penetrate, 
thus invading neighboring tissues, contact would be made with spinal sensory 
nerves which supply the parietal peritoneum and actually come close to walls of 
the bowels over posterior abdominal wall appendages. The better differentiating 
peripheral portions of these nerves over thorax and abdomen may then be utilized 
in painful expressions to indicate that an emergency is arising. 

At the Mayo Clinic such shift of pain into secondary regions has been found 
to occur in more than 90 per cent of cases in which ulcers were present, when the 
ulcers exhibited definite penetrating characteristics. The reflex phenomena 
described in this book may develop into useful aids in differentiating pain originat- 
ing in visceral organs from that type of pain having its origin in the somatic 
system. It is possible that murally arising pains utilizing spinal sensory nerves 
can be identified through the absence of the reflex signs described by the authors. 
At the clinic studies are at present being carried on in an attempt to corroborate 
or disprove such a hypothesis. 

Although the reader may not agree with all the authors’ conclusions, a reading 
of this book will have its reward in increased knowledge of the nervous system 
and in a keener interest in the various phenomena which may arise as indications 
of organic disease. The book represents a tremendous amount of painstaking 
work; it is well written and attractively edited. It is well worth careful study. 


An Introduction to Gastro-Enterology. By Walter C. Alvarez, M.D., Pro- 
fessor of Medicine, University of Minnesota. Price, $10. Pp. XXII + 778, 
with 186 illustrations. New York: Paul B. Hoeber, Inc., 1940. 


In 1922 there appeared an unassuming book called “The Mechanics of the 
Digestive Tract.” It was 200 pages long, had 22 illustrations and a bibliography 
of 456 references and sold for $3.50. The Arcuives oF INTERNAL MEDICINE 
reviewed it (29:869-870 [June] 1922) and spoke well of it. Perhaps the author’s 
views were a little too novel to suit the conservative taste of the Arcuives. But, 
on the other hand, the author knew how to write vigorously, had enthusiasm and 
obviously was a good clinician with excellent laboratory training and a scholarly 
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knowledge of medical literature. Thus it was said that the book was a valuable 
compilation, almost certain to interest physicians and physiologists. This was a 
good prophecy. 

In 1928 the second edition made its appearance, still an unassuming book, with 
the same title, but now further qualified by being earmarked “An Introduction to 
Gastroenterology.” It had grown considerably: the second edition was 447 pages 
long, had 100 illustrations and a bibliography of 900 references and sold for $7.50, 
The Journal of the American Medical Association (91:420 [Aug. 11] 1928) 
reviewed it favorably. The review described the book as containing a fund of 
information and as being a most useful tool for those laboring in the field of 
digestive disorders. 

Now the third edition appears, longer, more profusely illustrated than ever 
before and with a fine bibliography carefully selected from many references: the 
author modestly says this is probably the best part of the book. It sells at a price 
nearly three times what its grandfather cost. Since it has changed its name to 
“An Introduction to Gastro-Enterology,” the fact that it is the third edition of 
“The Mechanics of the Digestive Tract” receives less emphasis. Thus, besides 
being bigger, better dressed and more prosperous, it has placed a hyphen in its 
title and has become a trifle highfalutin. 

But all the same it is a fine book. The author has lost none of his vigorous 
enthusiasm since the first edition was written, and now he has developed added 
literary charm. The result is that he has produced a scholarly piece of work, in 
fact, just the kind of a volume which any one who wishes to be introduced to dis- 
eases of the stomach and intestines will appreciate. Besides being informative and 
authoritative, it is a joy to peruse. Pictures of pioneers in the building up of 
knowledge in gastroenterology constitute a commendable addition. The fina! 
chapter, on books and reading, is delightful. 

Some of the older clinicians who admired so much the second edition, as they 
read of gastroscopy, of electrogastrograms and of tubes and balloons that explore 
the intestinal tract from roof to cellar, will again agree with Josh Billings and 
will regret that the third edition has omitted to quote those homely words of his 
which used to appear opposite the title page: “I hav finally kum tu the konklusion 
that a good reliable sett ov bowels iz wurth more tu a man than enny quantity 
ov brains.” 


Physiological Chemistry. By Albert P. Mathews, Professor of Biochemistry, 
University of Cincinnati. Sixth Edition. Price, $8.00. Pp. 1,488. Illustrated. 
Baltimore: The Williams and Wilkins Company, 1939. 


“The various objects on the surface of the earth may be divided into two great 
classes, the living and the non-living; the former being characterized by the 
possession of certain properties which the latter lack. The first of the distinctive 
properties of living matter is the power of movement; and of movement having an 
internal rather than an external origin. These movements are either from place to 
place, as in animals; or movements of growth and foliage as in plants. It is by 
the property of movement that we instinctively distinguish living and lifeless.” 

These sentences, introductory to chapter I of “Mr.” Mathews book—in former 
days he objected to Doctor or Professor—recall lectures and discussions which 
for this reviewer, as a beginning student of medicine, were vivid and memorable. 
Mathews then, in 1907, recently had been elevated to the chair of physiologic 
chemistry at the University of.Chicago. Much that was hoped for at that time 
in the development of the biologic sciences now has been accomplished, and the 
new knowledge has contributed immensely to the science of medicine. The “art 
of medicine’ Mathews would say was largely the art of guessing, “the art of 
guessing the name of the disease and of happy success or of dismal failure in 
prescribing remedies.” An example of the greater certainty of today’s medical 
knowledge may be cited: 

“Tt was found by Buchner, in 1897, that if yeast be ground with sand mixed 
with diatomaceous earth, and then filtered by very high pressure in a hydraulic 
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press, the clear filtrate or pressed juice had the power of fermenting . . . sugar. 
He attributed this power to an enzyme which he named zymase.” In 1904 Harden 
and Young filtered zymase through gelatin and obtained two fractions. Neither 
fraction alone was active, but when they were reunited the fermentative power 
was restored. The fraction which filtered was named cozymase. For several 
years cozymase was believed to occur only in the lower plants, but in 1918 Meyer- 
hof found it in mammalian tissue and thus could demonstrate “the essential identity 
of the fundamental chemical process in all living matter.” When mammalian 
cozymase was added to the filtrable fraction of the zymase of yeast, the fermenta- 
tive and respiratory activities were restored, and also when the cozymase of yeast 
was added to washed frog muscle, the power of respiration of the latter was 
restored. Mathews emphasizes that this is one of the most important discoveries 
of biochemistry. It also has been most fruitful for modern medicine, because 
nicotinic acid later was identified among the decomposition products of cozymase, 
which led naturally to recognition of the significance of nicotinic acid in the pre- 
vention of pellagra. 

Whoever is seeking information about the more important present day knowl- 
edge of the properties of living objects on the surface of the earth and the chemical 
adventures of the constituents of living matter can begin no better than by reading 
this book. Nor will he be disappointed in the manner of presentation. A medical 
textbook, as has been said by the widely quoted Sir Robert Hutchison (Lancet 
11:1059-1062 [Nov. 18] 1939), is usually arid and dusty as the Sahara, although 
the subject matter may be as exciting as “one of those omnibus volumes of detec- 
tion mystery and horror.” The requisites of readability demanded by Sir Robert 
are met by Mathews at every turn. For instance, in the summary of the subject 
of phosphoric acid esters of dextrose (page 102) we read: “Phosphoric acid meets 
it [glucose] at the door [Mathews would probably resent editorial insistence on 
dextrose]; extends to it a hand; is married to it by phosphatase (cozymase), that 
universal clergyman; and escorts it through the cell. Glucose is now embarked, 
in the company of this phosphoric acid, on that exciting series of adventures, breath 


taking, which it undergoes in living matter, and which leads finally to its complete 
undoing and ultimate resolution into the elements of carbonic acid and water 
from which it arose.” The romance is all here, without sacrifice, in any way, 
of reality. 


Pneumoconiosis (Silicosis): The Story of Dusty Lungs. A Preliminary 
Report. By L. G. Cole, M.D., Director of Silicotic Research, John B. 
Pierce Foundation, New York, and W. G. Cole, M.D. Price, $1. Pp. 52, 
with appendix. New York: John B. Pierce Foundation, 1940. 


This monograph is attractively made. It gives the impression of having been 
written primarily for the benefit of its sponsor, the John B. Pierce Foundation. 
Whether this is true or not, the book gives a readable account of pneumonoconiosis, 
understandable alike to layman and physician. 

The cause of pneumonoconiosis is discussed, as well as the pathogenesis and 
pathologic structure of the condition ; the disease is considered as a clinical problem, 
as a social and economic problem and even as a medicolegal problem. There is an 
excellent chapter at the end on the roentgenology of the disorder, a little uncon- 
vincing, perhaps, as the authors admit, because of the absence of reproductions of 
roentgenograms. 

The fault, however, is well compensated for in the appendix. Here are 
reprinted two strictly professional articles by the authors: one from Radiology 
(33:261-290 [Sept.] 1939) on the roentgenologic diagnosis of pneumonoconiosis 
and the other from The Journal of the American Medical Association (113:1216- 
1221 [Sept. 23] 1939) on the dyspnea of silicosis. These two articles, of course, 
are authoritatively written and well illustrated. 

The monograph is worth having in a medical library. Students, particularly, 
will appreciate it, for it clarifies the subject of pneumonoconiosis in an altogether 
gratifying manner. 
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Electrocardiographic Patterns. By Arlie R. Barnes, M.D. Price $5. Pp. 197, 
with 94 illustrations. Springfield, Ill.: Charles C. Thomas, Publisher, 194(), 


With every new technical procedure, there is always the danger of reading 
too much or too little into it. This monograph presents clearly the controversial 
issues of electrocardiography, and its bibliography is an excellent guide for more 
intensive reading. The book should prove invaluable to the large group of 
internists who use the electrocardiograph in their daily work. It is not a book 
for beginners. But the persons who read electrocardiograms and who are puzzled 
by the diversity of patterns and by the “borderline” group will find it a helpful 
guide. 

The chapter on left and right strain is particularly arresting. Time alone will 
determine the truth of Dr. Barnes’s view on this phase. 

When first introduced, the claims for the fourth lead made many men suspicious 
to the point of avoiding its use. Dr. Barnes’s correlation of this lead with old 
standard leads is sound and refreshing. The chapter on the various fourth leads 
is so “technical,” however, that it is questionable whether the average internist 
will read it. 

The organization of the book and its illustrations are very pleasing and satis- 
factory. Its efficiency and clearness are typical of the author and of the clinic of 
which he is a member. Despite the author’s use of the old fourth lead, the illus- 
trations, the timeliness and the treatment of the subject give his book a distinctive 
place among the many books on electrocardiography. 


Illustrative Electrocardiography. By Julius Burnstein, A.B., M.D. Second 
edition. Price, $5.00. Pp. 292. New York: D. Appleton-Century Company, 
Inc., 1940. 

As the name implies, this book consists of a series of graphic records of patients 
who have shown abnormal electrocardiograms, They represent selections from 
over 7,500 persons. The book is essentially one for the beginner. A simple 
descriptive style has been followed throughout, so that the neophyte, starting with 
the first series of plates, which are normal ones and which show minimal changes 
in the several compiexes, is able ultimately to come to the interpretation of diffi- 
cult and unusual electrocardiograms. 

The book is printed on semiglossy paper, which makes for clarity of the 
tracings. Unfortunately, but for obvious reasons, the length of the book is out 
of all proportion to its width, so that it cannot be kept in the ordinary library 
bookcase. 


The Care of a Small Rat Colony. By Rolland J. Main. Price, $2.00, cloth. 
Pp. 101, with illustrations. St. Louis: C. V. Mosby Company, 1939. 

This little book should be of great value to any one interested in the main- 
tenance of a small rat colony. The author describes in considerable detail the 
problems encountered in regard to size, ventilation, temperature and humidity of 
the rat quarters. The chapter on equipment gives in many instances the source 
of purchase and the price. Rearing, mating, growth and feeding of rats are 
thoroughly discussed. The author’s method for the assay of vitamin D in milk 
is also included. 


Diagnostica differenziale delle emopatie. By Edoardo Storti. Pp. 357. 
Milan: Cromotipia E. Sormani, 1939. 

This is an excellent publication, dealing with the diagnostic problems encoun- 
tered in the study of blood dyscrasias. The chapter on the differential diagnosis 
of splenomegaly offers one of the most complete discussions to be found on the 
subject. The color plates are unusually good. The pictures of the blood cells 
appear as exact reproductions of the originals and will serve as an excellent pic- 
torial reference. 





